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The production at rods by cold dravi.J:lg is a deve1opmnt at 
recent years as compared to other methods of t'o.brication. Though 
a good JDaD1' iuV'eatisationa conoelat1QS tbe observed mecbant cal pro-
perties to the ml.ll practices eq>loyed have been reported, tbe re-
sulta nevert?:.eleae are mre ot a qualitative and empirical nature. 
It is wall known that tbe physical properties at a mat.al product. 
are related to its detorma'tion textures vhich are cbaro.cteriatic 
1 
at the metal and tbe tabricating method used. Thus a study at tbe 
Worme.t1on textures ar cold-drawn rods, specially by x-~ 41.ttl"action 
teobniquea, sbauld provide a much IZl)N precise and direct aoi•relat1on 
ot tbe mechanical properties at the procb.1ct and. tba mill practice. 
A. TSE PR<lBIBM 
Statemmt .2£. ~problem. rue study vu under1:aken (l) to 
c1eterm1ne tbe textures developed in nickel dur1J:Jg cold 4rav.tng, 
(2 ) to determlr.e whether tbe e:rtcct at cold draving 10 unit'~ 
41atn.buted over the cross-section at the dravn rod, and (3) to 
develop a eatietactory explanation of the observed 4etormation 
texturea at cold dravn nick.el. 
~ce 2t !!!! stu4y. '!be preMnce of preferred orienta-
tion 1n a metal, 1ta agnttude em variation, can cauae marked. ehanpa 
1D 1 ta •chant cal properties and corrosion rem.atanc:e. 'l'be only in-
2 
vestigatioaa repartecl 1n tbe literature on detOl"llation textures ot 
cold draVD Dickel 1'1res 4ate baelt to early nineteen twenties. Becauae 
at the 1nbe1'eDt 11m1tat1om ot the photograph1c techn1,-• elJl)loyed 
tor texture stu41ee 1n those early~, ~led cad qusntitat1Tely 
reliable cJata can not be procured trm 8Uch 1Dveat1gat1ons. rurt?:er-
ncre, no work on the det'armatlon text.urea at col.4-dravn roa.a, u co~ 
traatecl to the textures ot colc\ 4ravn Wires, bas been ellCOUIIt.are4 in 
tbe publ.1abe4 111:erature. 
It 1• 1molm tbat in the case ot col.4-dravn w1.rea, ti. tenolle 
strength ot ti» center porttc:m at tbe vs.re 1e greater than '\bat ot 
the Vire aa a whole. Thie 1• a 4irect consequence at tbl cbar&et.er· 
1etS.ca at pl.Utic tlov in the col4 dravins proceaa am the c1etarmt.1on 
texturea '11rveloping tbereot. It 8eeD8 reaecmabla to aesume tbat s.n 
tbe cue ot a col.4-dravD rod, beca>we ot its much greater crosa- • c-
t1on&l area, there voul4 ext.st a \l'U'lation ill texture and. tbereby a 
variation in the mcbani.cal prcpertiea ot ita 4Uterent concelltrie 
~· 
Tlnaa it ia evident that a ~ at the cletormatio.u 1ieX'ture8 
an! texture variatioD in a cold c1rawn ro4 abOul4 maka poas;S.ble a 
better UDC18rataDUDs at the cold dravlils proce•, ud thereby a 
better control on the m1ll practice to pro4uce a col4-4ravn rod V1tb 
tbe cln1N4 ~ical properties 1n the m:>et ecanomlcal ~· 
b foJ.l.Dw1Ds mter1&1preeented1n tb:S.s tbede la dlvt4ed into 
tour eectioma, i-evtev at tbe Uter&t\ftJ pNV'iaus bletaJ:7 ot ti. •tal 
1.nveatigated; aper1mental cleterm1nat1on at pole figures and 
tbeoretical interpretation c:4 tuture dat&J and detel"CJ1nat1an at 
variation in detOl'll:Bt1an aDd tbe reaul:t1ll8 deto.tilBtion texture in 
a col4 drawn metal. 
' 
A deeeription ot the metal tuveattgated le given 1n cbept.er 
m and the pnrpe.ration and x-ra;y examination at specil:inns tar pole 
figure vark 18 diecuseed in chapt.er IV. BxperiDlmtal determt.natiCIG 
at thickness at the metal ~ clisturbed during the preparation ot 
x-r&¥ speo1nens ls Clealt Vitb in Appendix I . A detailed 4escript1o.u 
ot tbe comstruct1on and ue at a nev specimm nxnmt tor pole figure 
c1etierm1m.t1on 1a given 1n AppeD41z n. The resulta ot the experi-
mental 1IOZ'k tar pole ti.sure determl.Dat1on 1• preaented in chepter V 
and a tbeoret1cal MNdc!eratian ot the fibre textures ot col4 4ravn 
Dickel are Macuaae<l in clqter VI. Validity c6 the pole ts.sure aata 
tor dra1m. mtal 1• contd aered. in cbaptar' VII. 
Cbepter VIII deal a 111th tba ~ntal determlmtian ot 
variation in deformation alld c!atorm&tton texturea in col4 drawn 
nickel, The ~eat at enmeung at varioua teqwwratures on tbe 
41strtbution ot texture ia al90 diacwsaed. A 4etaUe4 deacr1ption 
ot tbe X•ra.Y teclmtque uae4 ~or tbe atu4¥ at tba Yariat1on in tu.t;ure 
u Siwm. 1n .Appen41x m. 
Chapter n: la &tvoted to the ~ at var1at1cm in bardrlees 
on the croaa-•ation or tbe cold~vn nickel ro48. ltaarogapbs ~ 
the varioua cold arawn rac1a are also 1ncl~ 1.n thS.a c!q>ter. A 
~ ot mt.~ at varloue atatancea traa tbe fibre US.a on 
tm crou-aection ot colA 4ra1m amt 8l.1b8equent~ annealecl nlelr:el roc1a 
is reporte4 t.n cbapter x. L1ml tatlona ot ti. pole tisure mthod ~or 
orientation atu41ea ill metals abav1Jls :l~neoua textur. 1• dl .. 
cu.seed i n ~ IV. 
The literature on nick.el, cold clravlng mtho481 pole figure 
teobniques, ao:1. x - rrq teclm1.quee 1a much too vol.\md.DOus to permit a 
coaplete coverage ot even one ot these topics. Only a briet sketch 
ot the cold draVing method am\ a ahcrt SUl1llDr)' ct tbe llDl'e 1Jlpartant 
baaic papers on pole figures, X•l"S¥ techniques, deformation t.extlJrea, 
etc. Vbicb are directly related to tbe problem stud.ies C8ll be giwn. 
Bistorlcal ~ ~ ~ ~-dro.!!pl E2C'a&• It ia a 
matter ot record tbat tbe die block met!xX1 tor drmdJJS virea was 1n 
operation aa ear~ ae tbe E1ghtb amtury, and it ia well Imavn tbat 
wire drav1118 on a~ scale vaa being prac:tlced. in SUrope aa 
early as the 9:drteentb Century. 
5 
b tlrst Wire drnvn in th1e country was 1D 1tW Eng.lanO 1n 
im, ana tran that aate to about lB6o, tbe llBterials used tar wJ.re 
were wrousht 1r0n, copper, braaa, bronze, etc. It voe at about tbia 
ts.me tbat Bernard Lauth patented a cold roiuns process ror vrousat 
t.ron. By this nethod, rounds larger tbtm Vire sizea vere cold t1n1sh-
e4 by pe.ee1ug a bat rolled bar, eleBned. ot ecale, repeate41,y tbrough 
rolla, ettectt.ns a liSbt reduction 1n each pass, unt1l tbe c1ea1red. 
e1ze vu obtatned. !be resultant product, geterally apeakillg, was 
quite aillllar to tit.. preMllt col4-clra\m bar product in eppearance1 
6 
finish, aize, eccuraey Bl'll.t physical charo.cteriatics. 
But, as a catsmrd.al production method, cold roJ lhlS is a cxm-
"' ~tlva~ slow GDl2. cumbereme proceas. In arouzd 19001 after tbe 
8'mllar1ty in tbe general cbaracteristics at cold-rolled shafting and 
cold-drawn Wire prodw:ts becaDI! fully recogz:d.ze4, 1t followed that 
producers at col.4-rolkd ~ aeveloped col.d arav.tng m'tbo48, 
patternecl ettez- Vire draviJJg pra.ctioee to accnr11nndate bar sizes. 
Co~ R~· Bars, rods, wires and shapes V:S:th a 
bright cleaD eurtaoa, oecurate d1 mm1ons e.nd varying tens:l le ·~ 
are usuall¥ obta.i~ by cold d.ra.vins· Gemrally, such a bar is tirst 
hot worked dawn to o. certa.:tn size am tben cold f'in1abed. 
In tba draw:t.Dg process the metal is pulled by tension tarce 
tbroUgb. a tapered M.e. A co:presei.on torce originates betwen tbe 
1ftll'kixlg surface at tbe 41e nm the mtal, am tb1a 18 the act\Bl 
tc:rmloS stress. ~ tbc col.4-drnv1Dg prnctice itself, tbe 
order ot maJoi- operations tollovs: {o.) p1clc"ZJSJ (b) washing With 
water aD4 lJJ:W>gJ (c) poillt1llg; (d) cold 4ravill8J (e) straigbt.erd.IJs. 
Se.ch at tbeso atspa Will be diacuase4 very brietly. 
The purpose ot act4 plckltns 1e to rem:JVe tbe bot ro1una ecale 
Vb.tell it allowed to rem-1 n on the bar voul4 mar ~ col4-clratm nnish 
an4 &vnaee the dies. After proper pickung, ta, mterial 1• wasbe4 
tbaroushl¥ vlth n ter etremn. 1bousb waaMng vlt.h water dilutea 
&t\Y t\"ee acid present OD tbe naten.al, )'at tbere wul4 be GOm tree 
ac14 renatn1ag 1fbicb it not remm!4 woul4 cause sub9equent P1ttin6 alld. 
7 
corrostoo, both at Vhicb wuld be obJectiomble in P. cold-drawn pro-
duct. Conaequently the mterial, ofter waabtqJ, is d1pped into a 
slaked l.1m emflsion which serves a two-tol4 purpose. First, 8r\Y tree 
acid present is neutralized, and socom, tbe l.iJle terms a porous sur-
face ~r vbich serves as an ideal base tor the lubricant. 
Ckm end ot the rod is then pointed eo that it can be introduced 
into the die aD1 attached to tbc pulling bead. TOO pointillg is 
~done in 8V&(p"8 With conical. or eyllmrtcal dies, aD4 in 
targiJls rolla or in preesea equipped Vltb swagS.ns d1es. '!be actual 
~ operation consistG at pulling er draviil6 the p1cklc4 am 
limed bat-rolled bars through a die by noms of a so-called Ara 
Dae cold-drmm proc1.ucts are wpal l;y straigbtened to 'Cleet tbe 
~ strat.ghtmss requireJieute. For cold-dravn rounO.a, by tar 
tba moat popular ~ ot straigbtenlnS is tlxt bdart. Brietly, thle 
mcbi ne 1• a cross roll -cype comistillg at om concave and om 8tra1g)t; 
roll. Tbe bar to be straigbtened ia te4 boriwntally between tbe 
croes rolla Which 1t set to give autticient pressure to atraighten, 
Y" propel it tbrousb the roll8 at a teed per bar "evolution depeD2eut upon 
tbe bar dr.e am angle at t.be roll.a. Hot. only 18 tm bar 8tra1.gbtene4 
to ta1rly cloee accuracy but it is also pollabecl to aorie extent due to 
t.m bumiebins er vtpill6 act1an ot tbe roua. M:reavor, stra18bten11l8 
s 
aleo decreued tbe masntt\lde t1 tba resid.ual atreaaee (Pig. l), there-
~ 
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IJ1stance from Centef'. In. 
name i . Beat4\1al ata:e••• :ln 4:ruu •• .,.. 
~ Jlotla Wt&• ..., ., ... ~­(Sacha 8Di Van bn). 
a 
9 
~ l) 
by decrasing the tenaency tar c:ra.ck1Ilg • 
Developnt s:. ccsressive stresses !! ~ c!rnv1¥ 2!0£!88· In 
the drawing process the stress d!.rectly caused b,y t.be applied f'orce 
18 that of tension. However, this tensile atreaa is usually mna11er 
tbln the reactive canpreseiw stresses developed in direct1oDS per-
pendicular to tbat or tbe applied tcroe. The metal tmn tlove lmder 
the continued action or toDSile am. cc:mp"eastw ot.reeses. It 1• t cr 
this reason that the drav.lns process is classified o.s an IDdirect· 
CampresSion-1'.)'pe-world.~ method. 
ADatber cbarcctoristic at su.cb indirect-coopression-tne•vark-
illS proceaaes is the large variat1om in the stresses over the wlum 
at the deformed article. 1bua, in alm:>Gt all d.rmd.ns procesaee the 
opplied forces create tem10Jl8 at oaos-tderable mignitude 1n tbe rid· 
n1 ty or the looationa 'Where they attack. "With 1DcreaaiDg 418't8nce 
2) 
tram these locntions", accord!~ to Sncba 1 "the ccmpresaive streuea 
becaae m-e and more preda:l1mnt BDd the temile atreases fade out 
de 
eat.ire~ at tm odaeo at tbe regions tbat are beiz>aAforulld'' • 
'l'be diatribut1on ot etrosaes ill tbe DIJ8t cc •m:m ot tbe draW1ns 
prcc.eases, the c2ro.v1ng ot rod ar Wire, ie sbawn 1n figure 2. The 
applied rorce 1n 'tb1a cnse ts t.enston aD1 1 t creates lcmgl tud1nal, or 
l G. Sachs, and Van Horn, Practical Mttal.lurgy, (A.B. M. Pub· 
l1cat1on, 194<))., P• '88. 
a o. Sachs, rumBQ&ntale 2! ~ WorJSI§ .2t. * W!• (Lotdons 
Pergaw.m P.resa, 19;4), P• §0. 
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FIOUR£ 2. Distribution ot atreuea in 
clitterent eectiol'l8 of a dravn rod 
(Sacha). 
10 
11 
axial, tenail.e etre&ses in the !!»tal on the exit s1de of the drawing 
die. Within 'the <travJ.ns die the tension 1s suppl.eumted by radial 
<.'Q!IPreS&ive otresse1 and, as a consequence ot tbe decren8e i n dllen-
sions in all directions, al.so by circulllterential ~ssive f orces. 
Towards the entry aide ot the dravi.Qg die, tb3 tensions in tbe u:etal 
decrease While the cozrpressive stresoeo increase correspond:l.ngly. 
Directly at tJJe ent.l7' th:! temiOl:lS flade out entirely am. co:press1ve 
att'eaeea pertorm the entire work of detorm1ng the ~l 
Dietn.Wtion ~ deformo.tion !! !!£ 4r!t:Wil§ process. Sd.entific 
') 
investigations ot tbe f'onzd.l:lg prooessea began wJ. t.b the work of Treoca 
4) 
and ~ , in the second balf ~ tbe preceed.ing centuey, on the 
c11scbarge ot plastic substances thrcrusb orticeo. S:fSni ficant.13, the 
tlov at ma:tertal. v:is first illVesttsated in a calgl8l'1.tiwJ.¥ eillllle ~ 
by meo.na of the idled4ed strata, whereas ~xrts at the ~arml.118 
forces Ylth the facilities then available presented much greater 41.f· 
ticultiea. SUd.J.a.r test zretboda bavo been tWP11e4 in~ caaes, «m!D 
in tbe m:>St recent ~s~tio.ns. 
The~Uca.J. t..nvestiBationB of tbe detcxn:atian at a b<:>Cb' were 
u 5 B. ~aca, ~ires cur l'ecotU.e:DeDt 4es corps aolideaJ 
Alm. du co~toire des Bl'ts et metiera, 1865 J C<q>tes remua, 
1867. 
b 
4 A. l'. ~, Versucbe titer den Austluss plast1ecmn 
Tones; Der . d ., Kai.Be!"l . Akad. d . Wisaenecb. , Wein l.868, P• 7Yl. 
12 
5, 6) 
conducted by Unkel 1n 1928 • Accc:rd1J)g to b1m1 tbe detorme.tion at 
a bod¥ element bounded by Dlltually perpeni:Ucular our:f'aoas can be re-
solved 1nto a def'armti-<m oo.rml to the~ atrtaces or tbe 
element and adclitioml. shear defatmtioms. It the boul'Jdar1es are so 
selected that two opposit.e limltiDB 8\Jl"faces lie pcrpendicu.lar to e. 
direction at prine!.pal atreea, as is tbe case, tt a lim:l:tillg surface 
lies S.n a plane ot By121%etry1 then shear d.erOl'lllltions are possible only 
1n the plame Vbich are n::xr:wal to the limltina surfaces. 
In eacb continuous tarmtx.g process, mreover, the same curvature 
must ex:Lst etter the forml.Jle in all eroo&-eections lY1J:l8 perpendicular 
to tbe axis at tbe barJ beca\Jee all rlbres ~ uncJergo the aame 
overall ext.enaion 1n tbe direction ot tbe a:cl.s at the bar. Accord1llg-
ly1 1t a croes-aection 1• curved after t~ tbe conH. t1cm ot da-
fCll.'1%Btian existiDS at each point of the bar thereby 1• detera:lned. 
7) 
Biebel ma tnvestlsated tbe cU.atart1cm to vhich a co-ordS..rate, con-
atl'\leted ot unit 1DterYals 1n the J.cmsl'bKJtml am tre.naverae eectioms, 
is subJected durlns 4erorzrat1on. Be conclnSed that the ~anzetion 
5 B. Uckel, Uber die FleisabeWepns ~ PlaGtiscbem M!terial 
(Berlin: J. SprS.aser~ 
6 a. U:lkal, "ISm sea uber die tim.sabeweguns beim Presaen von 
Stm:em Utl4 Rabren eow!e boim zteben.,, z. M9ta.llk., Vol. 20 (1928), 
P• ~. 
7 B. Siebel, "'Die plaatto t~ ot .ta.18", Steeh Vol. ~ 
(19'4 >, 11:>. 22, »· ae. 
13 
the direct Vicini~ ot tbe &Xia ot tbt bar. All~ elementa not 
~ at tbe ax:1a ot the ber JllUlt tJY'eed undeqo tbe .._ el.ouption 
1n tbe 41rection ot the ad.a, becauae ot tbe oobni.aD ot the mt.erial.J 
but a441 tional a.tepJ.acemn- (...- cletcmaticma) parallel to tbe US.. 
~ occur, Vb.1.eb uau&l.1¥ have their higbut Yaluea at tbe 
poi.l1ta Vba1-e tbe direct ettect ot the fond.ng tool ia applied. B.J.ong-
at1on and ad41Uonal ebear 4etarmation at each particle produce a 
total claf'onation Whlch aiftera in msn1tude am direction tram that 
at a particle at tbe ala ot the bar. 
fte ext4mt at the 8beaz' aetormatton baa been revealed by 
8) 9) 
aperimenta Vitb "8"embled Y1ne an:1 ro4a conaiat.ing at two •c· 
tlona ~lit t1Rou6h ti. center al24 the intertace marlm4 wt th a grtcl. 
Siebel CUl"h4 out tbe drawing teat. an copper rode vl.th ~ 
41• ww>• IUd vary1llg re4uct1on ot croas-.ect.1.cmal ~ 1n order to 
acquire u 1i.1.&Jlt ilrtO ta manner tn vbtch tbe relat1ona ot cSetar· 
atton-. attected by the• two tactara# all4 to derive eom con-
cluaiona ~ tba CIODCU.ticm at de.formation vbich exista at 
higber &lgNee ot detormtlon. l'io· ,.S .OOW tbe Photosnwha 
(&:>ubl.e msntticatlon) ot tbe a.parate balvea ot the ro4a after tbe 
t.e9t. 8\mlDU"1UJ26 in b1JI OVA wards I 
8 o. I • -.VJ.at- am. u. Quimey, "'lbe cliatortlon ot v1rea on 
~ throQgb a &-av plate", /.• .!!!!.• llrtals (Lon&m), Vol. 49 
(19'2), PP• 187~. 
PIO. 3. no. 4. no. 5. 
rmme ' ' ~am 5. ~ t:este on CCJ.PpeX' bare 
Vltb 27 .8 per cant reO:uct1on ot area vi th 41.e open. 
Us "'11l• ot 11, ~ am a.o 4illpeea respective]¥. 
rm. 6. rm. 7. no. a. 
n<DE 6, 7 a s. Dnv1nS teeta Oil copper bar• 
VS.th '6.1 ,e cent an at area v1tb 41• open .. 
1qi MS'" ot 12, at. ant a.a dllsl:W N~ft]¥. 
14. 
15 
Another f.ntereat11>3 pbeDC11181W'.m wb1ch occurred in 4rav.lDg 
through tbe 4o-degree die de&erV"ea nenUon. Wbereoa tbe network ot 
lines in all otbar c1ravs vas reprocluced on the oppoaing surta.cea by 
the pressure in tbe die, this was the case only at tm edge scmes in 
th& ~ c11e. 'lbie was attribut.ecl t.o tba tact that, beC8uee at 
the small ettect1 ve clie e.roa, tbe effect ot pressure cloea not per.e-
trate cJeegJ.¥1 vbtcb al.Go bas beea 8b:Ml by Pall>1 Siebel aDd JloD4re• 
10) 
Dl)nt • There.tore, c:m]¥ tbe outer zones are &!formed by t.m preuure 
of tbe walla Cit tbe d:to, vhUe tbe central. zcme oo lcmger 11 aubJeet.ed 
to CQ2p"e881.ve atreaa. 
Wben a pol.ycrysta.l.l.i mteJ. 18 plaatical..1-v deformed, the 
lattice orientation 1D iJJdlVidua.l gra:Lns ia altered touiarcl a pre-
ferred orientation in Vbich oerta.tn lattice direct1ons are a l tgneA 
Vlth the priDcipe.l directions ot tl.ow in the mta.J.. Tbe progress of 
tb:l.e recrientation 1a graAual; ail4 DIV' not be COD()leted until the 
mtal. baa received reductions at ~ or a:xre. 'l'be nature at tbe 
10 A. Peal>, B. 81ebel &D4 I . ~' aUlr.er c1en Kratt-
und Arbeitabedart beta laltdeben von Dr:abt.en", Mltt. K. w. IDst. 
Bilentarach., Vol. U (1989), »• ''· - - - -
prefei"Ted or1entnt1on1 ar "aetormation texture", that is finally 
reached 81ld. the nanner in vh1.ch 1t 18 reached are characteristic ot 
the metal and of tbe nature at the flow which ts related. to the Wl\Y 
in Vbich tbe metal w.s &treoaed. 
16 
~· ot 4raWn t . c. c. mtal.G. 1ba texture of a drawn metal 
--- - ---------
is frequent~ deacribed as "tibre texture" because it resembles the 
arransement in natural fibrous mater1e.J.G. ID the ideal case it 
cona1sts Biq)ly ot orientations bsv1ng a definite c:ryatallographic 
direction pareJ.lel to tbe Wire axis. Dev.tations from an ideal tex-
ture 8.1."e 01111100 &M ~ have the nature ot (1) a scatter about the 
ideal poe1tion or a randcn orientation ~ \W()n the ideal 
texture. (2 ) a "4auble tibre texture", 1Jl wbieb two ditterent crystal 
41rectiona are found 1n the axial poeiUcm; am (3) a atrw:ture in 
vbic:h SUl"tace l.a)ier• an 4:1.sturbecl by friction or other external 
ll) 
factors • 
Due to the disturbance at the aurtace ~· as mentioned. 
above, v1re8 d$Wn tbrougb dies exhibit zmal atnacturea in vbicb tbe 
ga1na become DDre perte~ oriented as tbe canter Of tbe wire la 
12) 
amwroacbed. In an investigation made by Schmid and Waeaenmmn , 
tbia ettect bas been atr11d.~ displa.Yed by tbe X• r&¥ patterns ot 
barcl· 4rawn copper Vire, taken arter etching awa,y succeaaive J.a.vers 
ll c. s. Barrett, sti"\.1C'ture Qt M:rtALa, (New Yorka H:?Craw-
Bill Book Conpny, l.~' ), P• j9ti. -
12 a. Scbml.4 aDl1 o. Waa181'P'm, !• Pbffik, Vol. 42 ( 1927), 
P • T19• 
17 
tran the surface. In tbe outernx>et akin ot the wu-e, tm ef'tect at 
the 41e wa to keep tbe grains With a l.fJ.Y aue DeU'~ parallel to 
the 41rection of dr&v.lDs• Bllgbt'.cy belov t.bie tbe flov -.. 418't1.nctJ¥ 
com cal, While tbe s JU'm'2!¥)St portion asaiD be4 a perfect t1bre struc-
ture v.ltb ~ accurate~ 1n l1De Vltb tbe ax:t• ~ the v.1.re. It was 
alao tomld that the tensile atrengt.h ot the center position vas 
sreater than that ot the "11"e as a whole. 
b 1d.re texture in race-centered cubic netaJ.s 1s ~ a 
double :tibre tmtura With lJ.lfl am/,J.<:lff parallel to tbe v.t.re ax:Le, 
1.e .6 that. ceyetalli.tes have either l!x[f or IJooJ parallel to the 
US.a or tbe Vire and have r&lldcm cr:l.cntat1ans around tb:l.s ax!a. 1he 
percentage ot ~ in tbe two poaltt.ona 41tter fto.CID metal to 
13, 11') 
tal, aa 8bow by the me.surezmmta or Scbmld end ~ , 
15) J.6) 
S\IDIDBrtt,ed. 1n ~le I . Iead atXI. Platimm re~le A11mm.,,.. 
¥1th a sjl'f8le /1JJl t.exture. Brasa conta.in1q Dm'9 tban 10 per cent 
i1Dc re88JDblea .ii.lver, aa 4oes also titonae conta1n1n8 5 per cent tin 
17) 
and 6ogper ccmta.:1D1lls :50 per cent .i11vv • 
1, Loe. cit. 
14 1 . Scbm14 am. o. Wsaset'ZDflllft1 ?hturwleaenecbat't, Vol. 17 (1929), P• '21· s 
15 V. ~ z. rt;:tal.llR!!'!• Vol. 29 (l.9'7), P• 266. 
l.6 Gilbert nvood, !.• e1e1 Vol. 78 (1931), P• 250. 
17 o. v. OlUer el¥1 O. 6achs, &• ?£l!1k1 Vol. 41 (1927)1 
PP• 87J# fD). 
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or tbe ~e ot ch-mm nickel. Wire w.s by Ett1acb, Polm\Yi tW3. Wei&SD-
1.8) 
berg in 19'21.. 'l!ley tOW1d tba.t nickel baa a double fibre texture 
With Cl.J..'}] am. [J.oo7 parallel to the Wire axta. In the year 192<), 
i9T 
ftmza and Basini 1 Wb1le VOr"ldJ)g W1 th pure caiaerc1al nickel col.d-
drawn Vires at l nn. dim:eter, reported that the x-~ photograms 
did not sbov the cbaraoter1stico at a Vire-drawiqJ structure. Haw· 
20) 
ever, 1D tbe same year, tm -work at Groenwood contirmed the re-
GUlta at Ettiacb, Pol.az\yi end WeiBSenbers. No 8~ ot tbe textures 
at arawn rods baa been encountered in this 11 tera.ture survey. 
C. ~ (JI TliB D1i'mRMDIATION ~ POLE FIGUBBS 
21) 
l t WU 1iner 'Wbo first suggested 1n 1924, that tbe cla-
scription at tbe orientation of netal crysteJ.s in a polycryetalli:ne 
mtcr1al could be given by the "pole figure" method, 'Wbich 18 calllXlncy 
uaed in arys~ to represent cryataJ.. sym:netry. 'l't:e tccbnique 
develo,ped by b1m, though le.borious end tizle conaum:S..138, made it 
possible to represent ~ orientatiollB of all the crystals in tbe 
l.8 Ett1sch, M. PolatJy1 and IC. WeiaeGberg, z. Pb3!ik•• 
VOl . 7 (1921), P• l.61. -
19 L. tezze. aD1 A. G. Nesfrd., £!!!•..!!i.•1 Vol. 7 (1929), 
P• 301. 
20 GrcelWOOd., i • ICl:'18t., Vol. 72 (1929), P• '°9• 
2l • • Wever, "!f!Jct structure ot cub1caUY ceyatall1z11?6 
met.ale atter rollj~•, !.• ~' Vol. 28 (1924), pp. 69 .. 90. 
nEt.al by meaa at 8bov1rlg tba actual intene.1ty cU.atrtbution instead at 
~ de~ the poeiti<ma 1n vtd.ch tbe ~t.v at tbe cry-
atala Mema4 to be located. 
'.D1ere were e>nq mlJxr clwmSEta 1n tbt pole ~taure tecbni.ql.89 
dur1:as the tollovlns ~· AlDr>at all pole ttsures vere made by 
~) 23) 
x-ra;y ~c t.eclml.quea , or by ~cal mtbo!a 1.DvolV1na 
tbe 4evelopmimt ot ~ld.c etch pi.ta on polished metal 
spectmens. Die Ol1ly' cbanene 1n teclm1que tnvolvocl llllsbt mc>cun.-
cat1ona at 881!1.>le preparation, munti.Dg, etc. 
In 1948 two papers were pUbllabed Which Urtro4u.ced mtboc18 tor 
• 24) 
h mat.bo4 developed by J)ec1gar, AO,p, a.D4 Harps- requtrea a 
WJl &beet X•ftg sanple 1f?d.ch 18 placed in a spec1al. WJl)le mmt such 
tbat tbet tranamluton 1ntemf:tiea can be read VS.th tbe Ml&'le at 
var1ous poaitS.ODS. carrectiOD ot tbe 4ata t.bl8 Obta1De4, bollaft1'1 la 
mceaaaey to take int.o accouiit abaorptton c,..,., and ahanp in 4lt· 
W2 c. S. Barrett, 9.le Structure al lbtal.81 (Bev Yark: lfcOrmr· 
Bill Book ~. l~'), pp. 15'16'. -
~ lh14., PP• 113-lTl• 
-
24 B. r. Decker, E. '1'. Al1»1 am D. Barlter, nrreterred 
orlenta'Uon determlll&tion vat.ES a Oelpr counter x-~ <littraction 
santmat.er", l.· B•..!!t•• voi. 19 (19't8), PP• ,aa.92. 
85 J. t'. JJart.OQ, "A tecl:m1que tc:r quantitative c1eterm1nation 
at tA:l:tUNa ot .-t mtal.8"1 /..• Sa• f!t•1 Vol. 19 (1948) »P• 1176-78. 
2l 
f'ractil>g volume as tbe sazzple ~e position With respect to tbe 
x-~ beam. Unfortuz:ate]¥ 1 this transmission mtJX>d does oot allow 
the center at tbe pole t1sure to be determined. 
25) 
The mtbod developed by Barton requ:1.rea the use of cylind-
rical SQD\'>les riacbl ned W1 tb tbe1r axes bearing 4itterent rmcuJ,ar 
relations t.o tbe rererence ox.ts. Since all tbe saq>les are cyliDd-
rical alX1 or the smJr:! cliacrtcr, there is no absorption correction to 
be apgl.ied. Although this z::etbod aJJ.owa caiplete pole figure coverage 
t.be tUDe necessary to prepare e. number or delicate oouples and its 
applicability to only sheet 11etals mises tbe uetbod very limtted in 
its application. 
26) 
In 1949, Sehulz developed a reflection technique which 
eJJ.ow ~ ~ tbe central portion at the pole figure but does 
mt give reliable data for its outer restons. 1!ma, by use of the 
SclnJlz retlection zootbod ill oonjunction vitb the Decker transms.eaton 
method, it le possible to obtain cotiplste pole figure coverage While 
retabrlng the advatxtagee of a sheet sanple Vhlch ls easy to prepare . 
27) 
In BZlOtber article published by Schulz in the sane -yea:r, b3 baa 
shown tbat the thickness of tbe tranem:Lasion sauple can be eo con-
trolled that the intensity cor:rectian necessary 1n tbe Decker met.bod 
1Dl\Y be eliminated. 
26 t . G. Sehl•' z, "A direct method of detc:rm1.n1ng preferred 
or1entat1on ot a flat ref'lect1on emxple usinS a Oe1ger counter x-ray 
spectraDeter", /.• fi2• f!i'.•i Vol. 20 (1$)49) PP• 1030-'3· 
a'1 L. G. Bchuls, "Determimtion of preferred orientation in 
a flat tnmam:l ea1on -.le ue.tns a Gelger counter ~ spee't.rclmter", 
/..• !&.• !!i:•, Vo1. 20 (l~ ), PP• 1033-56. 
22 
28) 
W1llilJl'IWJ am Bppelabeimr have incorporated t.be beat tcat-
uree ot tm opeeimen ur:nmta developed by Decker and Scb>>la into a 
universal specimen m::n.mt, vh:ich materially aids in the manipulation 
at the spec:Ll:Zen. 
In April i95e, in a ~ oouf'erence W1 th his graduate 
atuatmte, Dr. D. s. Eppolebe1oor eugoated t.be.t tbe possibilities ot 
eD()l.Oying a epberica.1 x .. 1"8\V apec17!1m to eliminate 1ntenaity eca:rec-
ticmn should be e31Plored. 1b1G author, then proceeded, under Dr. 
Eppel8beimr' a odvioa, to design o. sped.men mount that would enable 
29) 
c:all>let.e pole n.gure coverage. A progress report on 'the c1e8ip 
at such a mount was oul:md.tted in April 1953, to nr-. D. s. EppelebeiDer 
and a.1sO a earn to Intermtioml Nickel l'»q>a.ny, \Ibo supported thia 
work. 
'°) 
Later, 1n Ml\)" 1955, ~ and Bane published a peper ~-
scr1bag a more elaborate spedmn munt for epbertcal spec.imet&&, 
lmne4 on princ1ples ossent1ally sim1.la.r to the ones pi~oua]¥ men-
29) 
t1o?Jed • 
29 IC. ~' "X-ra_y d1ttract1on tecbniquee tor studies 1n 
texture varlAt1on 1n oucaesaiva concentric ~a ot a drawn metal 
rod" 1 Unpubli&bed. progress report subn1 tted to Dr. 1>. S . EppeJ she:her, 
April 19". 
Jlm;y attesll'ta have been llBde to rational' se the bebavlour at 
tha cryatall.1tes at a~ mter1al vban subJected, to 
forces or deformt1on, e.nd thereby devalop a sattste.ctaey explanation 
ot tbe obael: ve4 .,._,.,micy ot tOO ct7StalJ.i tee to align themselves 1n 
certain preferred crystallogl'tWbic directions umer the influence at 
such torceo. 
31) 
In 1923, lm'k ana. others postulated that each &rQin 1n a 
po~ material acts eeaent1~ like a si~ ceyataJ.. The 
baaie at tba:l.r -laoat1on 1188 the occurrence ot ben:l Bl1ppins er 
''Biesaslei tuns". To ezpla1n the ea:ter:'ml ¢hm"8ee 1n 8baJ;le ot tbe 
CZ')'8tal. re8Ult11lQ tram tbe applies et:resa, it was aasumd tmt tbe 
~as mnte pro4ucec1 by the 'W,Plied atreea cause tbe slip plabe 
to rotate 1n such a <l1rectton 'that the actiw sl1p 4hecticn ape 
proacbes the d.1reot1on ot tl.OV. 1be aetormat1on t.ature ie a 41rect 
l'eSUlt or th1• rotation at slip dU'ectlon tCMl1"4 tbe t1ov d1rec'tlon. 
Jt>et at tbe tbear1ee at aetornntiClll tmtturea, "1xlla reWnS»g thie 
iaea ot alip rot.ats.on or bend ellpp1J.28, baw cUttered clxl.etly 1n tbe 
DUldber at alip ~ that are asmmed to opezate. 
32) 
Ill 19'°1 Wcftr Giid Sc?Jnd.4 euggeste4 that ill thG &xrormats.on 
'1 B. Mlrk, H. Poleavi, and E. Scbmt.d, "Proceeeca in the 
etretcbJ.l:>s ot Z1Dc c:cystala'', z. ~ Vol. 12 (1923), PP• 58-721 78-llO, lll-ll.6. -
,a r. 'llfevu> and v. a. Scbm14, ~ ot ~etor'ID84 
•tala", ! • Mlt&Ukurxle, Val. 2'a (1930), PP• 1':5-40. 
24 
at a. po~ ~te by ten81an or caqpreseion, tbe Blip 
starts at tirSt on the planes ot nnxlxmn resolved abear stress. At 
the same time, each crystalli.te rotates o.bout an axis lying in the 
slip plm:Je at right angles to tbe slip direction. !lb.is rotati011 
brings the detonation axis in a plane of symretry between two active 
slip systems. At t.his stage, oa the resolved shear streseeo tar both 
systems are equal, a eecom clip syatem simltBDeousJ.y bes1ns to 
opara.te, tooreby producing the toll.ow.Ura ideal cDd oriente.tiona: tar 
tcnai.on, a /Jlfl poaition in the wire e.-~s, and tor ~as1on a 
fll<j] direction in tile uis at caxpreooion. To icJen,11 ze tbe call>lex 
detorma:t:l.on process ot rollillS the m.xthars aGS\D?d that tbe roJ l t rg 
stresses can be ~ted by tension 1n tbe rol 11ng d1rectiOJ.'.\ and 
coapreasian oJQllS tbl roll.:J.l:lg plane DOl1DIU. Wever aDd Bdsd d cal led 
it ''plam parollelcp1~ 4ef'ormat1an". 'Dd.a tbe<:1ry, tbougb succeaa-
tul tn explo.i m ng ZDm\Y Of the observed def'ormation taxturea, was not 
able to pro<U.ct tba occummoo at IJ..orjf position tor the w1ro axts :l.n 
dre.v1D& Vbicb is obserVed ~ in certain metal.a. 
33) 
Later 1n 19,1, Boas 8Dd ScllD:i.4 propoee4 that it ls neces-
sary to assume at least three active slip systems to expla1n tbe 
orig1n ar aetormtlon textures. b three slip~ an tboee t°' 
Vb.1.ch the reeol.ved ~ stresses are mmcinnm. When the stable em 
orientation 1e reaalal.1 t.be rotations due to alip on these systems 
camel each otla-. fbus the f1Dal aetarmation texture ie tmt tdd.ch 
' ' w. ba an4 B. SdJDd.41 "b Urt.erpretation ot ti. c1etcr-
•t1on ~ at 1*ala", ! • !!Sa• fPrik• Vol. 12 (19,l), P• 71. 
is stable tar elip on t.be three m:>et favorable sltp ~. 'lbia 
tbeaey waa succesatul in accouat1ng tar both the !J.f.1:i! and the {Jl:g 
or •!lJQDDDta at the tension texturee aid ror the fJJdl cc::qreas1on 
texturee at tace-oentered cubic metals. Plane parallelep1pedal. aa. 
t~on, as suggeated by Wever and Scl:md.4 1188 assumed to predict 
rolling~. ~. it -.a oasumad that tlx>se a.lip 
syetema 1n tana1on . vhf.ch do not laa4 to a turtber cU m1 mitt.on at t.be 
abeet tb:lckmea, do not operate duriJl8 tbe roJ.l1DS iaroceu. 
34) 
1'8¥10r clewloped a matbenatical tbecr,y baGed on tbe assuq,-
tlon ot pert~~ detcrmatlon at the ae;grogate. J'ar 
~ detonst1on--auch as vlll let grains tit togotber after 
aeformaticm am W1U pro4uee the G8lD& ~ at abG;e tn t.b9 sratm 
u 1n tbe eesreaate as a vbole--a ndntnmi ot nve e~ Q'8t8118 are 
~ to operate «dJntaltmJeoue].y, as shown by the ~· ot 
'5) 
11.aea • l'be active 8l1p 111atms were calculated uatDg tba pn.n. 
c:Sple ot ~ work Wbich states tbat tbe mSrrt•n rnmi'ber Will tune• 
t1on Wht.ch can produce the refl\d.,red chmge :Ln ,..,... Aa nentioned 
above, tbl8 mmt>er 1• n.w, except rar SJ)eC1al aneutattona. Purtber-
m:re, only tbat group ot tiw is chosen tor vb1ch tbe total work Cit 
Wcm.td.on 18 less than tor~ other e;rc:q>. 
,i. o. 1. ~lor, "Hlctantsm ot plaattc detormat1on 01' cry-
ata.1.8", l£2s.• Boz!1 !!£• (!al4oll), Vol. Al45 (1934 ), PP• ~-404. 
55 R. v. 11. . , l • !l'F!• JM.b.. *ch., Vol. 8 (igeB), P• l6l. 
'la;ylar'e method ot amJ.ysie, tbousb succeaatul in predicting 
the textures ot tnee-ci.mt.ered cub1c mtals, io too coq,J.ex and. 
umrleld\f tar application to other c:ryatal. structures. A f\rtber 
disodvantege ot this method 1s that~ aatonrat1on rarely 
occurs in practice. 
o£ ro11 sns textures requ:1.r1ag unequal partid.pat1on at at least three 
ot the rooet tavcrable sUp systems result1ns 1n end positions 1n vbich 
tbe ~ alip directions are ~metrically disposed about tbe 
dU'oct.i.on ot tJ.ov so that tbe resolved 8bear stn>saes for all opera-
tive slip ayateaa moe equal 8IJd tbe rotations at tho cryatols cancel 
out. The tbree operative al.1p SYQtemG ore assumed to be tbose tor 
which tbe pt-o4uct at the resol.ved &bear stress 8lld. coa1De at tbe 
angle between tbe al1,p 41rect:lon aD1 tbe tl.ov direction are ll1sbeet. 
The relative probability ~ ocaurrenoa ot each at tbe end po8lts.ODaJ 
is cona1clered to dspem on the values at tbe proauot tuncti.on at tbe 
em pom. uon. 'l!.be ob8erved roJ 11 ng textures 1n tece-centerod cubic 
metals and also the relative i'l"equency Of their oecurrellCC vas t'ound 
to be in reasonable ~t Vi th tm predict1ons of this theory. 
37) 
Blbbard and Yen cSeveloped a semt-grapbical mt.bod at pre-
'6 M. R. Pickua mx1 c. B. Ma.tbeWeon, "Cb tbe tbea1:'y of t.be 
origin ot rol 11 ns textures in faoe-CClltiered cubic meta.ls", J. Inst. 
lltt., Vol. 64 (19'9), PP• e37.6o. - -
-
,7 V. R. Hibbard and M. K. Yen., "Wire tiextures ot ccppet" and 
1ta bimrY' exd aolid eoluUon oll.oya V1tb alumSm.n, rd.ckel, and zinc", 
'rr!!!• ~ Vol. 175 (J.948), PP• 126-14o. 
dieting cmd c:r1entat1ans 1n the mtc.l.a ot face-centered cubic, body-
oontol"ed cubic, mr1 bexagomJ. ~. ~ pootulated tbat tbe 
active Glip Bystems ar tbe 1Dliv1&.at:U sra:Lna ate. po~ 
~in a stable mJd orientation are ~trical With rcapect to 
the streso axt•. ~. ill tbe ideal texture the oct1.ve olip 
d1rcctiona ar each gra1.D oboul.4 bo su1 ta:b~ oriented v.tth ranpect 
to tbe tlov d:lrect1on to prc:xtuce the requUed flow. For ~le, in 
ail:pl.e tension tbe allp direction ~t be Vithin forty-tivo desreelJ 
at tbe flow 4Uectlon so tl:nt t.be CClq;)OllCnt at t.l.OW in tbe c!eaired 
direction 1a sreat.er then that 1n d1roct1ono narmal. to tbto. fhey 
poiidied out tlBt tbo /JJ6 em. poo1t1on, obaerved tor a 8'DfJ].e t . c. c. 
cryatal. in tezlGS le atroea, coul4 DOt be expoetecl to bo st.able 1n 
drawn W1ru because 1 t pJ'OV1dcs onJ3 tw slip 4inotioae 1ditcb. al"& 
With1D tarty-t1ve aesrees ot tbe Vire a'Xis am lie in a plane acm-
l 
tcn1re this md.8. 1'b1G would reoult ill a Wil'e at elilpttcal ratt.r 
than c1rC'Ulo.l" crosa-~on. an the otmr htmc\1 tbe f!J.Jl en1 position, 
wbloh is tomxl to be stable in~ w1rca or t . c.c. metal.a, 
pl'Ori4e three alip clircct1ons w1tb1n forty-five acareea at tbe V1re 
u:ie, o.n4 1s thus better suited to yiol4 n Vire ot circul.cr cross-
In recent~' Qalmo and Clew bnve 4evelq)ed a 8l"QPb1c:al 
me'tbo4 tcr ~ tel.leton, CCJlll)resaion am cold roll :f ng textures 
38) 
Cit tace·centerecl cubic , 
'8 I . A. Celmm an4 c. J . B. Cl8wa, "Detonat.1® teztUl"'88 in 
tace•oentered cubie llltala", !!!!!· !!fl•, Vol. 41 (1950), pp. l.085-llCO. 
39) 4o) 
bo.\v•centered CUbtc , &Di closed-pacatd bexaaonal meta.la. ~ 
e.ssuz:pt1on tbat only tbe el.1p syctem er syst.ems Of maxSnnn reeo1w4 
&bear stress operate at &DN cme point 1n tbe detornati.on process, 
as tuet susseated by Wever and Schmid, baa been r&ta1n&d in this 
method. !be metbod, bowVer, dift_.. O'CID all previous netboc1a tn 
that tbe nl:l!iber at alip S1'S'bems opera.ti ve at aey point 1s cOtlSidered 
not to be dependent aalely on tbe actual. pos1 tion ot tbe cr:yetalli te . 
'l'o mplatn tbe eaJJS by which tbe 1JDG'l; tuvcral>le ayetcm or system 
can ~xrti_v vitbstem resolved shear stresses greater than tbe 
cr:f.Ucal value until the resolved sheez' stress on lese favorable 
6)'8tems reaches the crit1ce.1. value, it is ass.ned that the att1lC'tive 
streoa position~ uove m..w rran the applied stress position with-
out actlal. p~ical. ~at at the ceyatal. due to lateral &tresllea 
h'an tbe gndn bomzdories. In this~ the variation 1n tezt\1rea 
1n 41.tterent metals ot the Gane cr)'Vtal claas can be a;pla:S.ne4. A 
fixed ax1D ot rotation, a.s OUGEPated by Ve-ver and Scbmid, ie not 
assumed. Inateea.. the rotation at the cryetaJ.. ia c:onoidered. to 
toJJ.ow tOO law establisbed tor a:1ngle cryutala, tbu:3 the 41rection 
at rota.ti on ~ very considerab~ td th the at'iento.tion ot tbe cry-
atal.l:I. tee Vi tb1n the unit tr1al1Gle. 
39 B. A. Celmn and C. J . B. Clew, "'ltle clcvel.opmmt ot detor-
nat!OD taturee tn netal.8. Part II. Body-centered cubic a.tala•, 
~· !!I•, Vol. 4a (1951), PP• 616-35. 
40 B. A. Qllmn and c. J . B. Clew&, n~ 4evel.oJ;mlent ot War-
matton tmcturea ln mtal.8. Part m . Beamganal. atructu:ea", 
!!!!!• !!!li•i Vol. ~ (1951), W• 919.,1. 
1\lis •tbod bu been eucceaatul mt only 1n pre4i.ct1Ds the 
detonation textures in •ta.la C1t all tlree cc mron lattice ~s, 
but a1s0 in explainSns the variation in textures observed in dit· 
f'erent metal.a belong:fng to tbe GBDe lattice -eype. 
Aa S.s apparent tran the lack ot egrMtuent amJng difterent 
inVeatS.ptars as to the exact mJe at rotatlon at an indiv1cbal 
gra1n 111 a po~llB aagresate an4 a1.ao the rnam'ber at aots.ve 
al1p 8)"8tema vh:lch 1ZIUJSt operate to prc:Xluce the detormt;t.on t;ezturea 
u observed ~tally, tba theory Of tbe orJ.s1,n Of textures is 
still 1n its ear.q (ft.ages. 
CBAPJBR m . 
In th:ia cbepter t:Ul avail.able intarmtion about the pravS.ous 
\a"k b1otar',Y at the metal, the m1l1 prnctioe to pl"<Xluoe the required 
ez:vJUnt ot cold reducticm, and tb3 cled.cal m:alya1s is g:twn. Pboto-
m:lc:rocrapbs at tba mid- radius of tm rodo witb VOl"Y'1J38 aDl:)WltG <1 
cold l'Oduct1on Q1"e included, an'1 tbe vartation 1n tOOir sra:tn size 
A 1· 5/e/' 41mneter rod ot twelve toot lt!nsth WQS takeu traa 
hO't rolle4 atock, ana. ccntsrleoa sroun4 to 1.580" cUruieter 1n tm"ee 
- ............. 
PBB8e&• Who rod was pointed, o,nma1ea., pickled 1n add eolutl~ 
Umc'I and drawn to 1-15/52" clfanetel" '*'VJ taND 45 d:t"mr1lla oU. 'l'1:le 
rod vao than pickled, rousbed to l-3/8" 41ameter, ptckled, and 
fin.1.sbed e.'b i .Q98" diameter. At this pcx1Dt om third of the rod was 
eut att atXI. deG1gne.tecl 1tem nud>er three. Item tbrec 'fill8 pickl()«l~ 
~to J.,.'fl6" dtanxrt.er, pickled, raugbed to l-l/16" Mo.mater, 
p1cklecl. and ti ntshed to Sir.e at l . 001 • &mooter, bav.1qJ a 60. O per cent 
cold reauct1cm.. 
b boloDce at tho rod c.ttar cuttillS ws enneolcd, picltled, 
roUQtlod to 1·5/16" 4iNMter, pf.eJcloc\ oDl t1n18b0d at l . 122" cl:fnrnet,er. 
tbte rod ws then C\lt in halt mid bignat.ed item ~a one and tvo. 
nem tllO vu pickled etd ttnt•be4 to l.OOJ." <U.ameter, baViDg a 4o.5 
per cent co.14 reduot1.an. Item one 1B8 amaealed at"ter ~ and 
tini.sbeld to i . ooitt 41amater, havUs a cold re4uetic:m or 20.6 per 
cent. b mrtaoe of all tbree 1 teaa 1I08 &atistactcry. 
AU the three roaa were aravn tbrougb 41es VS.th a twenty tw 
Clegree ~ Gi8le epproocb an4 a flfty degree 1nclndec\ BIJ8].e 
entry. All ~ anneclf ns va.o clam in tba Col.cl Draw cao.timl-
, 
oue 0!1!>Mli~ turaa.ce at i100-r om at epeeas ~ tran e1Sbt to 
m.ziteen tncms per m:tnute. 
All~ ot tm Df.ckel rode was tut-niabed with tba •tertol.. 
tie ~ was 1'11» 'b.1 t1m InternGtional. Nf.ctml ecmpmy. 92 re-
aultl Cit tbe ~·are 8l'l81l in Dible II. 
Pbotoml~ at tm m:t.U..l'841ua ot tba ~ col4 aravn 
nickel ro4e With 20. 6 (item no. 1), 4o.5 (item no. 2) am 6o (1tem no. 
') per cent col4 reaucttan respe.ctiveq \lel'e .ae, aDd the graiJl U. 
111 each coee \ID8 atud:led. 
MlCZ'Ol!ltrUOtUre 2£ ~ dra!9 nickel. A ~cal m1~ 
1n the transverae and J.onsS.torHne,J <lil'ections at the ml4-re41.us at 
each ot tba tbree m.cml rod& 18 given 1n Figures 9 tbro\l8h 14. 'lbe 
SBJ:l>lee were ~cbon2~ poliabec'l tm4 etched tn ~ca•a eolut.ian 
CCDJd8t1n8 ot equal. part& tv' YOJ.uae of r4tn.c acid (70 pe?' cent) and 
aoet.tc ecS.4 (50 per cant). 
TABt.B II 
1f&li<lt&D .AJIAUSJB ~ mcar. RCDJ 
c 
!tl 
Pe 
s 
Si 
Cu 
Bl (ba' <lit· 
tereoce) 
o.oB 
o.23 
0.09 
0. 005 
o.aa 
0.05 
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4o. S per cent cold araw c:ae inch 41omter niclml rod. 
35 
a. ~awaverae Secttao •••• .xl.00 
l'botoml~ &t mld-..o-uM.l.\IU a 
~.tn Otl8 inch 41mleter nt 
ibauSb tbe o.bo¥e etcbiQJ solutton save tbe best reBUlts at all 
of those trte4, atUl it we.a not entUely aatistactoey as lt seemed to 
develope only oerta1n sratn bount1at1.ea, ~ ~ those eeparatiqJ 
~ VS.th rat!m' larger ditteret'&Oe8 1n orientation. ~ dlt;f'cren-
tial. etcbWs at dlf'terezxt sra1J1 ~es on the tramverse socuon 
ot · tbe rod becaze8 core pronounce4 v1th prosreasivo~ increeai.Qs col4 
~as 1o seen 1n l't.gu1:eo 91 11 e:Dtl 1' reapect1ve~. 'lhts see• to 
be a 4irect conaequence . ot tbe tact that vU:h 1ncreaa1Jls degree at 
~, ~ ~f;es tend to 611sn tmir [!.:lil 81¥1 IJooJ d:l.rec-
ttcm llllre aD4 m alcmg the fibre m.a, 'thus 6ecreaaing tbe van&tlan 
ta ~Ql in a plane perpendicular to th1a a.xis. 'rbougb th18 
~ at 41tterential etclli~ ot tbe different ~ ~ 
1e al.80 .n&meed in the ~t.1J'1M1 aectians ot the eo.6 (:1.tm ao. l.) 
an4 4<>.5 (item o::>. a) pei- cent co.14 &:-avn roda, ea seen 111 ft&\29a 10 
ea4 ia, 18t it • m to be m or leas nn4an 1n nature 1n tb18 
ngurea 9, ll a.rd 13, abaw tbc m1~ at tbe Dd.4-%"Qdi\Ul 
at th) tramverae oection ~ 20. 6 (item llO; l), Ji.0. 5 (1'tem no. 2) and 
60 (item m . ') per oent cold clravn Dickel ra'la re&»eCtively at J.OQt. 
b nnrt 1D11catlon or etetarnat1on observable in tbB mi~ 
ta at'lel) by the cun"ature at tv1D ar)'8tal.G, aa seen 1D ~ 9. Ole 
CWYature saems to t.ncreasa With~ ma::nmt ot cold wark1Ds ao 
eballD in J1sur:e 91 lJ. and J.3. !Eb1s ind:lcation 1& CNCoeeae<l b¥ ~ 
1H9at'aace t1 a ~cOD5er.Y etructure, conaist~ or gro\.i>s at C\rved or 
_..,, u,,.., llitb1n tbe graiJlS tbeneel: a . h ~ st1:'UatUr.'e ia 
barttl¥ 41...-nSl>le tn ft&ure 9, 'but becc:meB na:e prc•dnent aa we pus 
to higher reductiOns as seen in Pisureo 11 and 13. 
Figures 1.0,, 12 aild 14, 600v tlle microstructure at the m:Ld-rndius 
in the longitudinal direction at 20.G (item no. 1)1 4o. 5 ( item no. 2), 
aDi 60 (item no. 3) per cent cold c1ravn nickel rods respective~ a.t 
lOO>c. At a reduction at about 20 per cent, as in Figure 101 too di· 
rection of extension ill cold drawing 1a apparent,, in that tJ:e grains 
themselves show a preva.il.1ng direction at e~tion. 'nle elOI'.lgltion 
o£ tOO grains progress1ve..1.y increases v.l.tb ~ ~ at re-
duat1cm, cs seen in Figures 12 and 14. ~ secoxrlory structure vi tb1n 
tbe grains at tbe mlcro:rtzucture in the l.ollgitudiral direction 1B sbaw.n 
~ lJ7 the 6o per cent (item oo. 3) cold reduoed nickel, as seen 1n 
F1gUre 14. 
nJe t!X)st ditticult at the sanple.a to prepare wre tbe transverse 
and tbe longtt1•'1nal sections at tbe 6o per ceut (item ao. 3) cold 
ck-aw nickel. 'lbeir surtace~, as seen in Pigurea 13 o.nd 14, obov tba 
eftoct or ~chanical polishing even atter repeated polishing all4 etch-
ing. 
It will be noted from i'igures nine tl'lrc>u8b fourteen, that the 
" grain size 1n tm 60 per cent (item no. 3) cold reduced rod ts con• 
eiaerably larger tban tbet at tm 1'0. 5 (item no. 2) am 20. 6 (item w . 
l) per oeut cold re<1uoed mter:lal. !bis apparent anamly is due to the 
c11ft'erent work historieS prior to col4 draV1ns at too three GalJl)lcs ae 
abawn in tbs fl.av sheet of the m:!.ll practice. 1hf.· 6o ~ cent ( item 
110. ') cold reduced rod vaa drawn f'ra:1 Wt rollei:t and Gubaequently 
e~ed etock llhich read:l.~· ~lcill.3 the ~ gra.in Gize of tm 
tirdabe4 P'ocb:t· 
pick.led 
I 
Hot rolled nickel stock, 1 5/811 diameter 
I 
centre lens ground to 1. 5E" diameter 
I 
annealed ( 1700 °F ) , pi ck led, and lii:ood 
I 
cold drawn to 1 15/32'' diameter 
I 
pickled 
I 
roughed to 1 3/811 diameter 
I 
pickled 
I 
finished to 1.298" diameter 
I 
roughed to 1 3/16" diameter 
annealed (1700°F) and pickled 
I 
roughed to 1 3/lG'' diameter 
I I 
pick.led pickled 
I I 
roughed to 1 1/16" diameter finished to 1.122" diameter 
I I pickled 
I 
finished to 1. 001 11 diameter 
(cold reduction-60 per cent) pickled 
( 1 tem no. 3 ) I 
finished to 
1.001" dia. 
{cold reduc-
tion-40. 5 per 
cent) 
(item no. 2) 
annealed (l 700°F) 
I 
finished to 1. 001" dia. 
(cold reductior 20.b 
per cent) 
(item no. 1) 
FIGURE 15. Flow sheet of cold-drawing operations to produce 
1" diameter nickel rods w1. th approximately 20, 4o and 00 per 
cent cold reduction. 
~ the prc4uctiOD ot the 6o per cent (item no. 3) cold 
draVn epeo:lmen. a partlon at tbs hat rolled and sub~ ameaJed 
rod ti1as cut attar it bad tcoa1ve4 GA*tO''mate~ 25 per oeat co14 reduc-
tion. !hio partlcm at tbe rod, aftel- an ints&'me41ate anneal• was used 
tor 6raVlns tbe 4o. 5 (item no. 2) an4 eo.6 (it-em no. 1) per cent cold 
red1Joecl spectmns. As 1& known, the nmal'ng at a tairl_y ooh\ warked 
mterial results in a t1UCh t1ner recryatall1v.e4 gt"Mn structure. h 
whole red after> tbS.s Ultermdi.ato anma1 was cold reducod tl"CD a 
4Sametier at l . J.67" to l . JJ!.2" . At tb1s etoge tbe l'<Xl was C\lt into two 
parts. ~ at ~so was turtl.m9 co14 c1rOim tD pro4uce the ~ 
}u-ce-L-
v1th tbe llo. 5 (1tem no. 2)~ eold reauctlcm. 'D10 other lBlf ot the ro4 
vas ss.wn rmatbrn" int&rtredSate anz>Ml, aft.er Whicb lt was 4nrWD to 
ettect • col4 ~cm at 20. 6 PW cent. DJUs., 1t ts nl&mt traa 
tm a:t>ave 41.ecuuicm that the ~te ennee1 s \18e4 at difterent 
81:Gf1eS at tb9 mill practi.ce prob1b1t ~ val1c1 gra.111 a1rt.e ~aan 
between the fild.sbe4 oanplea. 
As the c1eve~nent at deform.ti.on textu:res s.n po~ 
agsresateo ia CODaSGered to be clue to s1igle o.a:1 4\V>lOX a1:lp rotations 
of tbe cryatall1tes, tbe verlatiOD in grain a1ze at the mater1eJ.a to 
14d.cb va&'11DB em::JUDts ot col4 ~ems ve%'8 pven, does mt present 
a eors..oua haDliCap as fer as texture etuaios ore ocmoenecl. 
Pols ti&Ures ror tbo eo.6 (item no. l), 4o.5 (item no. 2) and. 
00 per cent (item no. :;) cold aratm nickel rods cUecussed in cha:pter 
m liere determ:lne4 ueillg Q. lleW x-ra;y technique developed indepezxlaDtly 
41) 
by thio e.utbor and al.so by Jetter em Barie • 'lm unique feature Q1 
tbta tccbnique ta that a spberical x-rrq dittraet.1on apec1l!en 18 em-
t'b1a cblWt.er cJools with tho ~ teclmiques 1.nVolved in 
macM w DB the spherical x-iw specil?en:), tbe determ:l.nat.1cm ot tbe depth 
to Wb1oh tbe surtaOG ot tbe G,pec1m:m 11¥1 4tsturbed clue to ~ 
am. tbe remJVal ot tb1s 41sturbed me1oJ. b.Y ele~. 1!le basic 
pr:tnciplea ot tbe new »-'1:8"¥ tectmique, em tm x~ eamxtna:tlon ot t.be 
;pec1neDB i& also c1:1scussed. Par OOZJVeDf.ence, much at tbe lll)N detail.· 
e4 iJJtormation obout the x-1"0\Y' tecbnique tor pole figi.lre det.ermtDa'tion 
ml tbe determination of the c!aptb to Wb.1.cb tm CWltal. IJ3tG 41oturbed 
b to machining, ts plo.Oed 1n two al tm ~·· 
?lie abaY'c nezrtioned x-r8')1' teclmi~ tor pole t~ aeterm1nai-
tton requires t.m prepara.Uon ot spherical spc~ns. ~, to 
avoid errare due t.o subalcliory aurtace t.e.xtures Whtcb 11tlght form 
clur1IJG the mch:f n:f ng at specimens, it vae moes&aey' to ~ tm 
lcyers at 41aturbed metal by etcb:I 16• 
*®Mina ~ !@!!:!:cal !.-mt mc111em. !1!Je spla-icnl x-rey 
<11:ttraot1an speci•na wre llDCbi.oed en a lathe. 'Die aet-q, tar 
mcM n:lng 1s llbown ln ptgure 16. An ott'•t back tool post (l) ,_. 
mJ\IDted onto tba ~ eross-sl1Cle (2) on a lathe. A bar berd1e 
(3) was ta9'tened onto tte CCJllj)OUDd erosa-sltae, which tacilitated 
~ the cross-slide arot.md. the trunnion pin (not seen in PiguN 
16). 
1t> -.chi oo a 1',.ru) sphere, 'tbe tnumion p1n on the cross-slide 
w.a brought ~ \mdar tbe spindle md.s. 9lis was easi~ done by 
t!X>Unt1IJ3 a 41al !Dllicator in tbe otteet tool post, e.m 8W1ngl.JJg it to 
o,ppoe1 te sides ot the rod. Vbieb VB& bel.4 1n tbe lathe cbuc.k. When 
tbe trumd.an ~n was~ unaer tbe epindle Old.a, tm 41al. lr.MU· 
The tool we tben set in tbe tool post at tbe center betgbt ot 
the l'Od. Lisbt cuts wore ~ by alloWJ.ll8 the red to rotate around 
1te fibre &1Cle, and by aviJJS1.n8 tba ~ croaa-allde al.owly at tbe 
..- tine. ID the tinf.sbllls cuta, epprcod.mt.ely ooe tbousalldtb at an 
1mch ot tbe netal lmG remve4 in each cut to avoid tm4\le ~ 
ot 'the surface ~s ot tbe neta.l. ft ml ly, a stem pora.Uel to and 
aentere4 on ~ fibre axle of tbe rod was JXeObj ned on om side ot tm 
ephe!1.eal epeetmn. With tb1o t.eclm1que Qpberlcal spectmsnG ot l" 
d1amr.rter 1i11JN "l>Ch'ne4 tram l.OCXL .. Mamter co14 arasm. Diclr:el. roaa. 
rIOllUI 16. Set-up rar rach1rdQ3 
apberioa.l. X•l'8¥ cUtfracttOD apec1me.n. 
~ 2( ~ thiclme!S S:, ~ 41aturbed suri'ace la.1E 
resul¥9 al!! l!!CM!!1-9'~ An ~ Slq)le ot tbe 4o.6 per oent 
(iteo o:>. e) col.4 arawn Dicl!el rod was eubJeotea. to a B'fmSW ench1ntns 
operation as that eq;>lczyed for tbe ~ti.an ot tle x-ra;y dittract1on 
specinrms~ Back-renections pat'terns at tbe surface o.s ma.chi,~ am 
after etchiDs ll\18:¥ succesm.ve sur.ta.co l.8'Yers were obtained by ccmven--
tional. mtboc1s VS.th cobalt radiation. b be.ck- reflection patterDS 
6lxJwed a ~vo decrease in tbe c1esrce at Qittuse.mcs at tm l"e• 
tlection tJPOtG ao aw:cesGive ~at tm rmtal wre etcl:ol a.way. b 
~lete renmal at the 4:1.sturbed metal was indicated ~ m further 
oba%1ge ill tJle patterns was ooticed on repca.tied et.ch:l~ . 
'l.\la tbiclmeaa ot tbe disturbed S\D!'f'ace ~ result1llg frail this 
spec1t1c macb.1n1l:ls o.pei-a:ticm was thuD toun4 to be ~Smtely equal 
to o.0026 ~·· A 4ata.1lad cli.ac:ussioo of tb1s mstbod is given 1n 
~I. 
9le spherical. speoimEtm vere electro-
qttcaUY etcbe4. to rem:m tbe suttace 1-Yet' ot cU.&tUrbed. mt.al. !lm_y 
electro~ ,... tn.ed.. but tbe most sat18factaL7 l'eSUlta 1'le1'e ob-
._, _ With a solution consiatiIIS at 3CJ:) c. c. at coaceutr&ted wl-
p!U'1c aat4 ml ego c. c . at 41sttlle4 water. as tint ~st-ed by 
4a) 
1leDlfC.h • ne mtbocle uso4 was in tbe form ot n hollow Gpbere mas 
-------
out o£ st.aSnJess steel Vire cloth. With a cnrrent do.nolty at l . 5 
anpreo per 8qua.t'C 1mch, onq e1gbt to ten minutes were required tio 
etch tJJllJY 0.003 inches ot tbe mta.l. trcm tbe surface ot the apeciJzrul. 
~ speoSmen waa contiDuously rotated 4ur1n8 tbe etch1JlS operation am 
the teqJOZ"ature ot tbe clectrol;yt.e was mt oll.owed to rice above 95.,. 
· ·~w ::W "fr •• · • 
l'biG t.ecbnique permf.ts CClll)leto pole ~ ~ v1 th tbe 
use at cmJ.y one clift'ract1on apecimn. Il;)cause a opber:l.eal QpeC1mm 
18 Eqloyed., tbe 1DteJlG1. ties ot the nrtlectiona l!q' be plotte4 
<111'ectq cm a ~c net V1tbout geometry er ebsarptian car-
rectiona. 
figure 17 sb:>wa tbe 
4iftmct4on geecr.etry t~ W.s tec:Jmlqua aid tm relationship ot 
epecinen orient.atian to tJle position ot the ~ plonB rm'IDBl 
on a polar net. To V81:7 the~ artentat.tcn, two mut~ per. 
peo\icular axes ot rotation are proviclo4. One md.s 1o dot1ne4 - a 
q11ndl"'1cal stem iwpentled to the splmical epemnen. 1b1a md.a 1s 
wnally a p:r1nC1pal 41rect1on ot the~ ao far exaq)le, tbe 
ftbl'e axia 1n a drawn rod. !be second axis, Which is pc:penr;U.culm' 
to the tust u:l8 and is para1l.el to tbe ~ md.o, pasoos 
tbrougb the center at the apberical spet:imen. It Will. be noted that 
rotation Gt tbe epec:!rll3n on either ot tm ~ a:xeo &>eo oat bring 
abotlt 81s:/ dm.nBe lD t.be ~Oil ~tty; hence, DO intensity 
CQl.'l'eCtton is requU'e4. 
x-ra.y source 
Geiger counter 
A. 
B. 
FIGURE 17 (A and B). Diffraction geometry for the 
x-r&\Y diftra.ction technique far pole t'igm-e deter-
mination and relation.ship ot spec1.men orientation 
to position of diffracting plane normal. on a polar 
net. 
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Figure l 7B shoWB c~s in the post tion ot tbe clittracting 
plane narml on tbe polar net, cazTespozxliq; t.o ehaDges in th:) orienta-
tion ot the specimen as oeen in Ft.sure l7A. Far stqtllcity, tbe axis 
which allows 8lJ8Ular changes around at\Y ot the concent.ric J.e.tituae 
circles :ln tl'.e polar net drawn on the proJection pl.em Will be reterrod 
to as the axis ~ rotation. The exiG '411ch e.Uows enguJ.a.r clwlges 
Wbi.ob cMner the diameteJ: of the concentric latitude circles wUl be 
referred to as tbe axis ot revolution. Similarly, tbe angles oG and 
- ' as seen in F18UJ:'e 17, vill be referred to es tm BtlBles at rotation 
A ~tailed c11scuasion ot the construction and use of the 
eped.nen munt--eolled hereafter tbe ' epllerical specim!n m:>tmt ' 1 based 
on tbe ~las outlined. above, is glwn 1.n Append1x II. 
~ S!. X=N Ulte.:lBi'!)Y. ~ of the 1Dtenait1e9 
of 41ttracted x-r819 from tbe (lll} and ( 100) planes 1IOl"O mode at eveey 
ten degree 1ntervnl at latitude on n polar otereogrepb:l.c net tor tbe 
po~ figure detgrmi.nation of each at tbe three col.4 drawn nickel 
saD1>les. AJl tbs first order retlection f'rm (l.00) plmles in a fo.c.o-
centered cubic mterial does not appear on tbe X-z"OIY patterns, eecom. 
ar<lcr retlectiOns of theae plaoos were used tor tbe determ1mt1on Of 
100 pole figUres. As tOO orientation around the fibre axis in too 
1aeai case at a drawn rod is supposed to be nmdan, tbe apaci.Den van 
rotated. cout1rmously at 6o rpm, while tbe angle at revolution was 
obfmGM tc:r aett1qpJ at ten aearee latitude 1ntervalo (see Appendix 
ll tar turtba' detaile). 
AU S-rtJ3 exnm\retione wre meJJe ,_..re iron k-alpba Z'Gtliati.on 
fran a !brtb American Philipa Qe.1pr CO\m'ter ~ epectrcmete.r. 
~ !E, ~ ti§!!!!• !ale 1Dtem1t.Y coutour system tar 
present1Dg the data iB used in tb1a re:pet. !be mJitmJm reflection 
intensity tr<n tbe plane UIJder investigation 1G taken as tttQr 
intena1t¥ units and all intensity vahes are t:ten exprcosed 1D terms 
at tbto base. 3e des1gm.t1co ot tbe tnteDslty contours 1s cs tollov81 
up t.o ten l.ID:l.ta- 1, eleVell to twenty--21 twn't1' one to thirty •• ,, 
tbU1:iY cme to farty.-4, and forty om to ntty-5· 
The me)vmS cal properties ot a cold-formed metal are known to 
4epend upon tbe orientation or the ceyatallitea developed during the 
tOZ'lld.ns process. As tbe YOUllSS JJXldu.lue at a te.ce-oentered cubic 
11Bter1al 18 "'9,¥'1111nn 1l'l the fJ:lfl direction am a mtntnan 1n the !J«ff 
41rect1on, the predan.tmmce ot lll texture in a cold drawn tace-cen-
tered cubic mtal would result in an increase in the modul.ua &lens 
the fibre axf.8. 'Dm8 a lmowledge ot the detormat1on textures de· 
val.oped d.ur111s c1raving1 when correlated vitb the mlll practice, would 
prove ol 8'8&t practical ~· 
S»berloal x~ 41ttract1on spec:lmos tram tbe 20. 6 (item no. l), 
40.5 (item no. 2) an4 6o (item no. 5) per cent cold c1ravn nickel roc1e 
vere prepared as deacr1be4 in chapter IV. 1'tMI 41.fft-act.ed 1.nt.enai ties 
rrca tbe (W.) all4 (100) pl.we ot t.be spherical spea1mell8 were record-
ed u.2us tbe mv tecbnique tor pole tisure 4eterml.nat1on as discuaeed 
in c!mpt,er IV an4 dealt 1n greater detail 1D appendix II. As tbe tirat 
order retlaction tro:n (100) plane• 1n a face-centered cubic naterial 
doe• not exlet, second orc1er retlect1one ware uaect. 
E:l. e. ~ ~ np:ea £!. ~ Dickel. The ill 8Dd 100 
pole figures ot the 20.6 (it.em no. 1), 4o.5 (item no. 2) 8Dd 6o (item 
no. ') per cent col4-c1raVn Dickel are ebown 1n Pigures 18, 19 and 20 
I 
5.3 .....___..___....__.__..,.'------+~-+-----4 
(b) 100 Pole Figure 
2 
FIGURE 18. lll and 100 pole figures ar 20.6 
per cent cold-dravn nickel. 
(a) ill Pole Figl.U"e 
31 
5 --~...,.--....~..---.---.~-+-~-+-~ 
(b) 100 Pole Figure 
PIGUHi:; l9. ill and 100 pole figures or 4o. 5 
per cent cold-dra.vn nickel. 
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(b) 100 Pole Figure 
2 
2 
5~~ ......... ~--..._-'"~---+~-+-~+---4 
FIGURE 2C. 111 arid 100 pole figures of 6o 
per cent cold-drs.lrtl nick.el. 
5J 
52 
respect! vely. Tbe plaDe ot the pole figure correspcmds to a plane 
perpe1X11cular to the fibre axis. It is assumed that the distribution 
of crystals with the favored direction (the direction that tends to 
align itself along the fibre axis during the are.~ process) at aizy 
s 
one angle at inclination aratmd the fibre axis 1.¢ uniform. Thus it is 
necessary to draw only one quadrant, as the pole tigures conaist ot a 
series at concentric rings centered on tho fibre axis. 
From an examination at the ill am 100 pole figures 18 through 
20, it is evident that the degree at preferredness of the {Jlg direc-
tion 1s much greater than that at the /J.o§/ direction. As seen in the 
ill pole figures 1&., l9a and 20a., a majority of the crystals align 
their [IJ.f[ direction in tbe fibre a.xio, this number decreasing pro-
gressively as an inclination of about 10 degrees is reached. 'n:le 
areas 10-30 degrees and 40-70 degrees are devoid ot ~ concentration 
at intensity. 'l'be occurrence at relatively BIIBll intensity in the 
regions 30-4o degrees Slld 70-Bo degrees !n the pole figures 18a and 
19a, and ~ ~s and 80-90 degrees in tbe pole figure 20e. should 
be noted. A similar tendency for such an intenai ty concentration 1n 
the regions 30-40 degrees and ,.(0-8o degrees is also indicated by the 
100 pole figures l.8b, l9b and 20b. The slli.ft ot this intensity region 
in tbe ll1 pole figures f'ro:n 7o-8o degrees to Bo-90 degrees With in· 
crease4 Qm:JWl't of cold-reduction suggests that the e.ligrment of some 
directions at these inclinations may be due to the eff'ect of the radial 
c:oql1"e&s1ve stress developed in tbe draWi.Dg process. 
'lbB concentration ot iutensi ty in the 100 pole ti@.lreo / as 
1n tbe W. pole t1gures1 is ma.)dnnn at the fibre wd.s (figures l.8'b 
through 20>). An .._ at zero int;enai ty at 50 degrees io abovn b,y 
tbe 6o per cent co~ epec1mn ~ (f18ure 20b ) . 
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BelatS.ve 41ttracted tntenei!Y ~ !!!!. ttbre !!f..!• 'Dle pole 
tigurea 18 throush 201 llbav that tbe 41ttra.ct,ed int.enai ty 1& a mgi naim 
at tbe fibre axis. But, due to the pJ.ott.1ns method uaed, these pole 
nauree do not 1Dlicate the relative st1'eDQth at the reflection tram B 
particular tams.Jy Of planes tor the speci neno v.1 th vaeyU>s EUDmt ot 
cold reduction. h !!l!XSnan calculated relatJ.ve inteneit:t.ea at tbe 
( lll) pl.we and alao ot tbe (100) planes are liatecl in tabl.e m. It 
le seen that tbe (lll) 1l1t.eD81 ty tar the 20. 6 (1 tem no. l) per cent 
cold drawn nickel 1ncreaae8 to twice as mcb Vi tb a 20 per cent in-
creaee in col4 redw:tlon. rurtbm" co14 4rav1l>8 does oat aeem to in-
c:r .... tbe intenai ty to B'f1¥ a;preciable extent, aa llhawn 1n table m . 
'!be intAD81ty of 2(100) retlect10D doea D0t el¥JW 8D;,Y a1gn:lf1caut 
change With inereaa1»1 COl4 work, howver, there 1• a allgbt ten&!ncy 
tor 1't8 c1eareue at b1Sb&r re4ucticma. 
~c ~tion ~ !J!!. texture 2!!:! !s: <1ravn 
ma.terial.9. b pole figure mstbcd tar ~ tbe texture data 
tar 4rmm mteriale ie mt very saUafactary tor tbe to~ reasom. 
artentati.ona, tbe relative perce~ at crystals Yith a particular 
ceyatal.l.osl'abic 41rection at various 8llgl.es to tbe fibre axle Ml'1JlOt 
be 1.DUcat.ed ln an -am 1Y ~le nmmer . It:reoveJ:o, interpre-
tatton ot poi. nauree ~ • tborOuSb UDl!erstuO'lns ot tbe 
pr:l.Ddpla• ot ~c Pl'0"8ct1on. AD attezipt to represent tbe 
Per cent Cold Reduction Relative IDtens1ey or 
( lll) M;a1 JlllD 
48 
95 
100 
100 
100 
93 
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texture data tar hvn mater1ala f.n a. Sinpler yet DDre readily tmder-
standable form was made as tollowa : The sum at all the &.ttractecl 
1nten&i ts.es tran tbe plane UDCJer 1nveattp.tt.on 1• take?> aa hunared 
intensicy unite and f!l.l 1nt.ensity vel.ues ere then aprest9ed in terms 
at thta base. 'l!lcse values are then represented to o. suitable acnl.o 
by liiJes eznom.t.1Ds from tbe center ot a quadrant ~ a CU-c:le at re-
quired ongl.ea to tbe fibre axis, as 8bown in Ptsurea 2l ~ 26. 
The vertical radius ot tm quadrant is cons1d.ered to represent tbe 
f'iln"e axta. 'Dms, if the preferred Orientation Of .. ~ crystallites 
in the~ ot the drawn rod 11 asaume4 aa uniform, sucb e. diagram 
voW.4 readily indicate tbc relative perce~ of crystals with a 
particular ~e>bic <lirec'tion aligned at various ~s to 
the .tibre ax1s. b a.at.a tor 4raV1D8 lll Bild 100 ~ tor vartoua 
cold ax-awn nickel ro4a 1s liated in tables IV end V respecti~~. 
It 18 very evident tram Figures 21 tbrough 26, tb&t tbe lll 
texture approacbea tbe ideal end orientation W1tb .1ncreuins amount& 
at cold drald.ng, whereas, tbe pronounced scatter ot the 100 texture 
ie not f:IP.Preciablv attected even after beav;y red1.action. 1bl18 it ia 
aeen that cold-dn.w nickel bas a aouble fibre text\lr8 ld.tb {JJ:g and 
IJ.rxf/ parallel to the wire axle--tbe l1l texture beins lOOre predald.Dant. 
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COLD-llWlB RICKIL 
As described in chapter V, co.14--4rawn mckel ro4s possess a 
double fibre texture with Cu:fl ard !J.«J/ parallel to the rod ana. 
In the f olloV:l.f18 pages a theoretical ~lanation ot the development 
or this double tibre text\re is g1 ven. 1!lts treatment 10 be.secl on 
the basic principles tar the ana:cy&io of aotorma.tion textures, u 
43) 
developecl by cal nan and Clsvu , mad reter:a: ed. to bereatter a.a 
t'. 1 l.14 
1bough a tew other mthOds at enalya1n8 deformation textures, 
aa discuase4 in ebapter II, bave also been successful in predicting 
tbe occurrence at both [!lg and IJ.Oljf direct.10118 tn tbe rod a:x:ls, no 
other method except that ot ca,1nan and Clews sat.istactar~ ex.p1a1ns 
tbe textures developed in metal.a ot all tbe three oc11111 1u lattice types 
and sped.ally that ot the close-packed bUogona.l metals. In view ot 
tbia outstanding advantaae, Calnan and Clews method bas been given 
pretercmce in th.ts tbeai s. 
In tbe C81MD and CleVB aetbod at texture anolysie it is 
~3 B. A. c>JJlM and C. J. B. CJ.ewa, "Dararmt1on textures 
1n tace-~ cubic metale'*, ?!'!!· !!S•1 Vol. le.l (1950), PP• 
1065-1100· 
e.sauced tbat i nbaDogeneous detarmtion is occurriDB• It ia turtber 
assumed that only tbe slip systeo or systems at mx1J?U':l reoolved 
ohcnr &treas ope-.rate at any one point in tbe defamation process and 
tbat zmltiple slip occurs onzy- when the stresa is such as to give 
equal resolved abear streesea simultaneously on all ot the opera.ti ve 
slip planeo. The explanation of the me81l8 by which the most favorable 
ayotem or systems my Vithsta.nd resolved shear otresses gr.eater than 
critical vo.lue until the resolved shear streGs on less to.vorable 
oystem readles tOO critical value io bBsed on the asmq>tion that the 
ettective stress--Te, ~ JUNe a~ frau the ~lied otress-- 'l'a, With-
out o.ctuoJ. peysical oovement at the cryatal due to lateral stresses 
tram the grain bouDdo.ries. 
'l'be rotation ot tbe crystal 1n a polycryota.ll.1ne aggregate is 
supposed to tollov the laws established tor oingle crystals. 'lbus, 
during ollp on o. Bingle slip systcn, tbe olip plane narm.1 rotates 
toward the stress axis in cotlp'Csaion and tbe slip direction rotates 
toward tbe atreso a.xis 1n tenaion. Duplex slip ¥111 produce rotation 
ot tbe greBt circle Jo1nill8 the two olip plmle normo.ls toward the 
atreoe oxis in c~ession and too great circle joining the two ollp 
directions toward the stress a.xis i n tension. Whereas, the s1n8le 
nnd dupleX slip tends to produce a deformation texture, multiple slip 
ts neceesm:y tor ma.intain1Dg the end orientation o.nd. also a c< 11:aaxi 
aurtace between odJacent gra1D8. 1" study the ettect of aimnltoneoua 
operation ~ single, duplex and mul.tiple slip a unit 91 trtnngle or 
tbe etereo~btc plot ot the crystal is used. It is osoumed that 
dnsl.e 811p occurs within tbe area at tbe um.t trio~, vbereas tq>lex 
( " 
and llllltipla 8l1p occurs at t.be triangle bowJdaries and coiners re-
spectively. 'l'be position at tbe al1p plane naa:mal llDd slip direcUon 
on tJ:Je stereographic plot ia kept tilDed and tba rotat1cma are 1DU.cat,ecl 
by a a:rvcment at the ata:eaa ax1a. 
Figure 'r/ sbows n portion ot a ctcroosroPbic plot er a ~a.ce­
cantered cubic c:eyatal. In om ot the UD1t trtaztgl.ee contours of 
cquo.l resolved shear stress for the slip oyetom active in tbia 
particular trionSle are draw. 'Dle m.merical value o:r the resolved 
Gbear atresa nt ~ po1IJt in tbe triaZlgle is a1 ven by cos \. coa i' , 
Where ~ and i\ are reapcct1ve~ tbe angloo 'Which the slip d1rect1on 
aad tbe ollp plane n:>rml. zmke Vitb too portic:ular position of tm 
~lied atreaa, 1n. '!!le slip direction em the slip plaDe naral tor 
tbe moat ravarBble slip a:ystcJll tar o. grain ot applied temton 1n this 
unit tr1anglo ot figure Z'f are 1lld1cate4 by s and • respectively. 
Thus the vaJ.uo ot tho resolved abeer stress tor point a would be o.46, 
-
obta.iDod by substitutillg tba nensured angle between!. ands tor l am 
ot anglo between a and N tar /\.. in the f'unction, cos J( cos ~ • Par 
-
or1cmtation !1 slip on a single ellp system ¥111 occur Wien the re-
solved shear stress equ:lls tlle value of tbe critical resolved sbear 
stress ca, 1.e., \d:le?l o.46 T.n = C8 • If the val ot aJ.)I>lied atresa 
Ta becomes greater than csfo.46 w1'tbout tbe occurrenoe ot any slip, 
then it is a;ppnrent that the ettective stress Te :must bnva DDVed ~ 
tl'an position! to a poillt ot J.owezo coa J( cos )\ value, 1.e, awe4 
daWn ccmtcn:r gradient. Tm pDer&l cli.reotion ot this m:wemeat 
t• assumed to take-.. path ot quickest descent, 1.e ., perpendicular 
to the cant.o\re. !bua V1tb 1Dcreaa1 values ot i\l.1 When no elip te 
B \ 
\ 
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FIGURE 2:"{. Resolved a.hear stress contoln"s in 
a stereogrspbic unit triangle of a race-centered 
cubic metal. 
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takins place, tbe pom:tian l teJM1a t.o rcacb tbe arientat.ton A on tbe 
bouDSory ct tbe UD1 t trtanale• An::! furtlmr ~ ~ Ta will cause 
ett.her duplex el1p at A ar IllJVeDent at 'J1) alaog the 41rect1on at 4e-
~ coo ;c_ cos .A until it rieacms the COl"DeZ' poaition B. 1'.be 
COll"D8r ot the umt tr1angle be1ns a mtrdmn poa1t1oa ot tbe reoolwd 
sbear otreoa# Bey' tur:'tber increase 1n 9l results in 11111.tiple alip 
Vhtch pro4uoes Gerorm.t1on without ~ SJ!'l!84inte separation at tbe 
CO!l\ll')D our.taoe between adJo,cent gratm. As tbe vorious slip ~ 
are ~a:etrtcaJJy Ci1sposed aroum. this poatt1oo, tbe ad1Vic1ual ro-
tationo ctmeel eaCh 0'1ler, thus matnta.1.nt ng the end anentation. u 
tbe value ot te 1n a sre1n C-Onmt rcD.Cb the earner point due to ini-
auttiaient la.tenl atreasea, Gl1p ocou:re and rotattou are proc!uce4 
1n tbe uarual 41rect101lG ot lilJl8.le m: d>gtl.U al.t.»1 tbe latter takl~ 
placo tt 'lb baa reached a. bam4817 or the unit triangle. areatat 
lateral etftlaaes are requ1recl by tboee sratns vbicb are tu:rt.bfeat 
..emved trm the ~te cormr po1Dta, am tbus 8l'9 tbe gnd.Da 
most Ukel3' to l'QtGto. the reverse is true tcr graS.ne cr1ente4 near 
the co:rmra. 1b.IS it ie eppa:rent tbat each sra:IJl am. 1n some oaaes 
41ttel"CDt parts at tbe eam graln, beQUOO at the clitteront po81. tlcma 
ot fa 88 plotta:l 1n th& \mlt trimgle, wUl have 41tterent amounts 
atd c!Ueat1ons ct J?DVe:IBllt or Dt. bn el.Si> occurs the lateral stress ... 
are ro>.ea.ae4J n. N'tlrlls to tho new poaitton ot Ta and tbe process 
starts all aver eptn. ~the defamation prooeas is considered ea 
1'.'.e.. 
~lila 1D ~ S1d tbe texture resultirls can be 4oterl:dne4 ~ 
~ tba ~11~ at the 'md.oua step • 
AD aplaJned 1n chapt.er II, the 4nm1JJS atresaea can be! ap-
proximted by tension 1n tm d1.rect1an at aravtns and wd.tormly clia-
tributed rodi al cazpressian 1n a plw perpeDlicular to thi.B direction. 
Thus it ls apparent, that betore ~ attel!pt ie DEde to ratiomllze 
r'o 
the drBv1ng text\lre1 it is mce&SQ.'l:T,1 consider the textures developed 
duriDS tension and coopresaion. 
Tenaion t.exture in niclcel. Slip in otnglo cryatals ot nick.el 
-
at 20•c is reported to occm" on the (lll) taml.1Y ar planes am in tbe 
44) C1oiJ d.1rect1on • In F18m"e 28, tour ot the twnty four equivalent 
unit tria1JS1eG on a stereogrepbic plot at a face-centered cubic cryst.al 
are outliDed vJ.th be8v7 l1Des. 'lbe DI08t tuarable slip system tar each 
ot the tour triangles 1s listed in table YI. It baa been proposed 
earlier that rot.attcm will occur onq 1t detormt.ion takes place before 
Te has reocbec1. a caner pos1 tion ot a um. t triangl•. lk>tationG car-
s 
respomUns to atngle er 4nplex sllp occur acco.r41Jlg as ~ iv within 
tbe trt~ or on one at the cu11F1JD boundariea betwen two triangles. 
In Figure 2<)1 unit tr18lJgle I at Figure 28 bas been redraw to a 
lar&er scale, end t.bo li.D9s at qu:iclseat descent to the carom" , to tm 
~ 4ireettan1 and to tm MBX1 m on th3 triaDgle e1des are ohovn. 
1'blt rotattono tor duplex allp e.re in41cat.ed by arrowheads e.l.alg t.be 
~ 1 . ScbmS41 nint.eroatio.ml ccmterm:JiCO on PlJ.yoica, Vol. II, 
The 80114 8ta.te ot :ttertt I Pbyeical Soc1e1iy I Loo4on, 19'5 • 
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FIGURE 28. Stereograpbic unit tria:cglea for a 
ta.ce-oentered cubic metal. 
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trio.Dgle sides. 
!\:> pro41ct a deformation texture, the possible rotations due to 
aingle ail1 duplex slip tor wrioua tn;d.ca.l points in a um. t triaDgla 
are considered. 'lbua, for a. position ot applied stress !I iZ d/Jtor-
mtion occurs be1'ore ib reaches a ~ bot.trl&Jry, the rotation due 
to s1JlglB sUp is 111 t.00 direet1on s, u 1tldicate4 by a sill&le-beaacd 
arrow at a. However 1 if there ts JlO de:tom:ition, 'lb Dm"CS down tbe 
-
stress gradient to reach the ffeJ.. - il:fl tJ:1.sllale boundary between 
f:'m J em polllt D Wh!.cb represents the mx1num sbear stress value on 
this bo'tllXta:ry. Here sw:dn1 it deformation tokes pl.Bee betare ~ 
-roacbed tbe 1ll ~, tho rotation due to duplex slip occurs in tbe 
direction ab:Jrm by tbe arrovbea4 on tbe bouDr3sry', producing tbe ro-
taticm ct a abcNn by the d.ouble-:teaded arrow. ~ SS.asle and dl.tplex 
-
rot.at.1.ans tar otbe1- tnical points !?,. ~ ~ !J !. om fl are deduced 
rrccn stmtlat reaaomne;. It v1ll be not.eel tbat all polnts ly1IJg vJ.thln 
tbe area ~ by tbe tvo lines ot quickest deaeent ~ .. oig ~ 
~ - ilf/, an4 by the ffe.J.. • il:g' trianS1e bouD4m7 eXhibi t s1mt lar 
rotations lbJa to single and duplex slip. Since all ar1ente.t1ons 
Vitbtn these bomdariea beba'Ve <d.mil.erzy, it is oomreatent to conaider 
• 
them as a Sl'Otl> and to mrk ott OUCb areas by Aoabad liQes Gii Bbown 
111 neme 29. 
It is apparent trail the cttrect1ons at rotGtion at ditterent 
poiata t.bat, aa detc:r.nation proceeds, t.be orientation representt.ng 
a perttaular srma er pert ot • sratn Vll1 mve ~o tbe uni 't 
trla.ngls. But cmce an crientatlan amta tnt,o a reglon near a 
as ~lmned in the previous oectian at this repart. 'l'bis bolds true 
tor grains oriented near tbc hi earner 1n tm r1t:ID.J region, and 
tboGe near tbe 001 earner' in the w{&g regS.OD1 but mt tor tboce 
near the OU carmr 1n the 'IR !JlJ] &Di fl f!Sl:}] regions er tbo5e near 
tbe 001 carmr 1n the al [&lg region. tia con be oae1 ~ ClO)lained 
corner J tbe other, .im Jar to t ~ the OU ~· Arly rotation 
due to sinsle or &wlex slip at tbe crietltation Deal' tbe 1u corner 
-
IJ:DYe8 the posi ti.on c4 the poilJ:t toward /:lll J, thus decrea&i.ng the 
UkeHh<x>d ot turtber rotation. ttm reverse is true f~ tbe orienta-
tion near tbe Oil ccrner, i.e. , the probahil1ty at 1'lrther rotation 
iDc:rea.aca Vitb tbe ocarren.ce ot a1~ or duple;.( allp. In tb1a 
realon betw an t:ID. J azX1 ffilil, oJ.t>xnigh tm rotations teD1 to lead 
tbe cri.oatatJ.cm a-.y trm the Iu earner, tbe nearneos at tbe em 
point '1 rotations, the @ff, reduces the probability- at turtber 
roto.tiona. 
'lbe pneral trom or rotations in difterent repona at the 
um.t trJongle GD c!t:duced tran this treatment ore shown in Fi{Jure '°· 
1'Jms, tbe tension tiexture of mckol ncy be considered as conccntrat1on 
of or1eutat1oos l1ll6Z' [)J.g, @fl, &Di C'JOOJ clirect1om. AD no 
~ WOE'k ~ pure temiOll textures hBs been oncowtered in 
the rev1eV ot published 11 ter&t.llre, the ftliditv' of tbe predicted 
tenaian textures camiot be verl.tied. 
9s'!N1cn te.xtUN !!! nickel. ~ 41.rcotlona of rotat10ll8 
tor -Sqrt• aa:d qleX eu.v in coapW1.c:m 1IQ' be determlraed 1n tbe 
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FIGURE ;o. General trend at rotation in different 
regions of a unit stereographic triangle for nickel 
in tension. 
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oone mnner as de&cr1bed above. It 800uld however be l;ept in m.1D1 
that single 011.p during CCJq)t'Csaion m:wes the position ot the &&Plied 
stress towari tbe operative slip plaDe normal vb:Ue duplex s lip 
causes it to llDV8 tovard tOO great circle Joining the two poles at 
tbe Simultaneously operating ol1p planes. 9Je directions of rotations 
in ~ssion tor various t.YP1eal arientatiom 1Jl ditterent regions 
ot a unit tritmgl.e are smwn 1n Figure }l. It V1ll be not.ed that all 
orientations within the region F ["lliJffe.g, and an appreciable pro-
portion or those 1n the r1Cilg region 11111 IDJV'e toward the line 
P [Olif, thu8 depleUllS the region around the ill comer. It is 
apparent tr<Xll a consideration ot the vorious rotation directicma that 
the oriontat1ons have a general. tendency to IIDV'O into the 'fR ffeg 
regi~ as shoVn in figure ,a. All the path ot the ettect:tve stress 
1n this region ta 6.1.ong tbo lim Dffe:b' end toward the earner Oll, 
duplex rotation~ fJhg is tbe izare probable. Thus a stroDg 
concentration or orientations in tbe fJhg direction is expected. At 
tbe sam time saae residual concentzation ot orientations near [!io}] 
m..y- be expected dU"ot to tbe temeney <:If the oriontations lying on the 
CPf!Sofl region to rotate toward the 001 cornar. Tbe prediction ot 
[6ry eoap.'EJSSion texture in nickel. ia conf'lrmcl by the ~ntal. 
45) 
work at ~lalld. • 
45 B. L. LE\Yl.and, unpubliahe4 aeniar thesis at Ctlnleg:ie 
Inatitut.e or '!edmoloSY, l~l. 
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FIGURE 31. Directiona at rotation due to eingle 
slip (-) and duplex slip ( -). for nickel in 
compression. 
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FIGURE 32.. General trend of rota.tioc 1u di.f'ferent 
regiona of a. unit st.ereogrephic triangle tor nickel 
in conpreaaion .. 
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stresses can be approx!nated by tet:uJion in tbe d1rection at drnv.1ns 
o.M unitormly 41etributed r001al ~sat.on 1n a pl.am perperxlicular 
to this ~on. '!be end orieutation in 4ra\ling can be prod:l.cted 
by mcarn1 nSng tbe ~ in Wbicb both tension sUl canpoesa!cm end con-
cli tiODS ~ be aatiatied s:Svnilte.neous].;y. l'he long1.ttx)1nal tension, 
aeaume4 to be tbe ~ 1.Dtluenee, C8WJ88 ccmcentrnt1on at 
the orientaticms t1ear Cw. J, /!JJl and ffeJ:g 41rect1ons (vs.sure ''). 
ror 81Dpllc1 ty tm coq,reosion t.exture in nickel can be coma14ered as a 
predomtnaatly LOJ:f! texture. 9lese ccmpreSSion dtrect1ons, Which D1St 
be 90° trom the [iiiJ, /!JJl and IJk4f' tenas.on cl1reot10ll81 lie on 
great c1rclee C1.1 Ca and C., reS,Pect1vely. ~-esaion at any potnt an 
tbeae sreat drcled Will tend. ~ br1Dg tbe ffeil' caupreaalon clirectlcm 
1n al! 81P'ent v1 th 1teelt Wbi.lat reta1ntq tD3 tenaion textures. the 
amaunt at rotation to effect thia al'lsrmmt tar potnta on ee.eh ot t!e 
three circle• is as toll.ova a ~ o1, a rotation at not acre tboD '°• 
to the t:lloJ, CoiiJ and /JO'f/J on ea, a rotation ot as much u 90• 
to ['iioJ or f:!l.tj/ am on es, a rots.ttcm at 1¥)1; Dm"e tban 45• to 
-- . ClJJJJ or cu.oJ. necause ot the lor@' rotation requ1red tor reach-
1ns [U.o J, tbe orientations on ca tend to rotate t.oward tbe ~b;y 
-couJ and /J.o!f • !bis results in a aecrease at couceutrattan ot 
orienta'ticms at"OUD4 the /!JJl and a coniesp:m«t ris ~ ot the 
lll teature. ihuS a 4ouble tibre t.exture With jJJ.g am !J.097 in the 
fibre md.• is proc2uce4. ti• pred:J.cted texture ia found to asree With 
tbe ~ naulta 418CU8Md 1n cbapter v. 
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FIGURE 3;. Idea.l tanaion texture and the corres-
ponding range of C0DF"9aaion d1.rect1ona. 
far obtajmns tbe pole ttgure data tor cold. drawn nickel, the 
tollovins two 880\.ml)tioJl.8 wre med.tu first, that the diatr1bution 
ot cryetal.e vi th the tavm'ed direction ( tbe 41rection tlat ten4s to 
a.lip 1 taelt al.on8 tbe tibre axle dur1ng tbe d.rav.lna prooeaa} at 
81 
an.y cme angle ot 1.DcU•tian 81"0\md tbt fibre axis 1a uniform; aeccnd, 
tbat tm Cletal'll8t10D 'Within tbe ~ ot the c1raVll mtal and tbu& tbe 
resultant def'm mtion texture ie uniform. 1'b.1.a cbepter deals Vi th tbe 
t1aoa. 
D!etribUtion gt or1!,!ft4t1ons ~!&.~git;~ 1ncHne.Uan 
e.rouri4 !'.!! fibre !!!;!_ ~ ! _c!l:'avn..,..__ 1118te.l. Dm1..Jl(J the draV!q:: prooe .. , 
tJie crystalli tee at a polycryetalJ:J.!le mstal rotate to align tm1r 
tav01e4 ~c d:!.rectians along the tlbre axla. !his 
ali grmerrt becaaee mJre and more perfect Vi th pl'OGl'e881 w:cy lncreoa1 ~ 
Gm:J\mt8 ot col.4-drav:tns. A.e 4.tacussed earlier, the streeaes de-
velope4 c1m"1l:JB the draw1IJg process can be e;pp:'O'd nate4 by temton 1D 
the 41reetion at clr01rie and unit'armly 41etr1but.ed rndi.al ~on 
in a plw perpenclicul.ar to tbie direction. 2!lerefore, at arq stage 
at tba draVlms prooesa before tbe ~&ml em. orientation 1e reacbed, 
the 41etl"ibutian ot eryatal.e With tbe te.vca:'ed directions at t1Z1Y one 
angl.e cJt irJDl t•t!OD around tbe fibre oz1a C8l1 be e21}ected to be 
unUcaom. 
The distribution at tbe lll d1reot1an tor vm:ious 81lgl.es ot 
inclille.tion arouoc1 tbe fibre axlo ot a 6o per cent col.4.-drmm ntckol 
rod vaa determ:l.ned by meaaur1ng tbe 1ntens1ty at lll reflection tor 
vartous angles or rotation-- o( and revolutian--.,S ot a epbcric.e.J.. 
x-rey dittractian ftled.men. A dsta.Ued d.escr1pUon ot the expert-
m:mte.l procedure 1a given in AppeD:lix II. 
X·~ dittra.etion cbartB ~ tbe variation ot lll intenai ty 
due to rotation at tbe spee1Den at every ten degree 1ntervo.l of /J are 
shown in Figure '4. The portions Of the chm'ts to the right or tle 
vertical l1ne drawn at tlle zero value or o( abov the variation ill 
i ?It4nGi ty registratian due to tOO iJlstrunmt i toolf. So..lq;ll.e calcula-
tions tor the cl.etermination or mn.xtmuc percentage variation tor a 
given~ at - are included in Appendix II. 1be net r:mdnnn 
variatiOn in Illl intensity due to rotation at various angles or re-
volution 1n a 6o per oent cold-drawn Dickel rod (item no. 3) a.re given 
in table vn. Becauoo tho exls of rotation at fJ = o, ie perpendicular 
to the dittractirlg plamo, a negligible var.l.ation in intcnsit.r io ob-
~. !1!be variation 1D 1nteDS1ty at otmr iJ values is seen to be aa 
bigb as 51 per cent. '!'hi& variation in intensity can be ~lcined by 
. considering the hot-rolled stock which 10 uoed for tbe production at 
cold-drawn rode. 'Jl:lc o..ttormte paesea in the bot-rol.l.llJg prooesn ore 
redl.\CtlOn aJ.ong the wajo.· axis ot the oval. ia vory lnrge. Thus, tb3 
vcrld.Dg ot the ro4 trom the oval to tbe rowxl on the laat pasa oo.y 
be considered as SD lWGGtt1ns action alO%l8 t.00 ma.Jar axis. Tb1s 
hV1 
J60 270 180 90 0 
ANGLE OF ROTATION- d.. 
PIGUBB '4· Vartatian al lU intenaity due to ro-
tatic:m. ot tblt spberlcal apeOimen acbSne4 tor a 
60 per cent cold.-drawn nickel rod. 
Angle 
TABIBm 
WOCE!Dt v.AUmcn m Im mB m BDlA'l!ICll 
A't ml D4iBBil ll'fm{VAIS fl fl 
of A'Veretf1!t Recorded ftgd maw Recorded tihid mum 
Bcmllut1on Raocmded Vat"lation 1D Var.lat.ion 1n 
~ <~v Im : percent I~ tho 
units on +percent 
cbart) -
0 7.45 4.o 2. 0 
lD 4. 55 2}.l 6.3 
20 1.72 ~.e u .1 
'° 
a..5 26.8 7.5 
~ 2.7 50 11 
50 o.6, 44.; 12.5 
to o.4 ~7.5 16.G 
~ l . l.8 l.8.7 u .7 1.8 52.7 io.a 
90 i.7 50 U.9 
Ret 
MaxiDHD 
Variattan 
+percent 
-
2.0 
16.8 
51. 1 
19., 
'9 
32 
eo.9 
7.0 
42. 5 
,a.1 
lK>) 
resulto 1n a cbaracterist:ic "Cross Pibre" texture • During tm 
coJ.d .. clrawil:Jg ot this bot-rolled stock, 1 t 1a expected that oane 
reetc!ual crooe fibre texture z:a.y be retained., thus exp1a1mng the 
variation in diffracted intens1 ey c!ur1ng rotation at tbe specimen. 
1'hua1 the residual nature of this secoMaey texture~ on 
tbe c1raVl.Qs tenure and also tbe tact tlBt onq OD9 reference c1.irec-
tion--tm direction Blong the fibre azis--in a rod can be outl.1.Ded, 
mkes it necessa:ry to obtain e.n ~ valw ot int.tmsity at aey 
c.ngl.e ; by tast rotation of the ~-ro.v dittraction spec1r:en. 
Unitcp:;ei!.Y ~ ~ure !! ~ ~ 2£, ~ c1rawn caetal.. 1bere 
extats a clitterence at op1nion 8DlI6 various invcstisatora ca to 
tbe UDUarm.tty ot dei"ormatton produced V1 thlD the ~ at a metal 
47) ~) 
·4ur1ns the c1rawJJ>g prooeos. 1'be op1ntcmo ot lieias and Beck 
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are ot interest 1n emupl.:1f'y1ag 4ttterent point.a ot V1eva. In 1928, 
ea a result Of bis x~ ~s by photc>sraph1.c teclmique, Veiss 
ropart.ed that tbe au.tier 1'Yer• in drtMl mater1.al.9 undergo ocm-~arm 
and 1nczoeaee4 degree ~ &:d'ormtion. In 19'61 Bock 1nvestipted tm 
bar4mae penetration ettected b,y tbe col4 dravJJls at steel l'OU. Be 
concluded: 
46 11. P. Goes, WorkiJJf 2£. !btal.a, (A.8.M. Publication, 19'7), 
p. 995. 
47 L. Weiaa1 !• .,.llkundp, Vol. 20 (1928), P• 118-121. 
i68 J. B. J)eck, W2£ld.pa ft tMals, (A.S.M. Publication, 19,7)1 
P• 111. 
"i'bere ore those wlX> DBinta:ln tba.t tbe chezJge ot physical 
cba.racteristics effected by ooJ4 dravi.EIQ 18 oncy 8k1n deep, ar 
at best extierXIB only a sbart distance unmr tbe bar surtaoo. 
Such an idea is enti.re.4r erroneous. In geDBral, 1 t might be 
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said that the etteet at cold 4raw1ns 1s UD1t~ di.Gtributed 
over tbe crosa-scct1on even 1n tbe largest tlimmtern col4-4ravn. a 
It VBS sbotm in Chlpter V that the degree ot a11gmEtttf/Jll.J 
41.recticm along tbe fibre axis in coJ.4.-<lre.wn Dickel increeses as tbe 
mll:>Wlt ot cold-rechtction 1a increaaed. ?.hua, 1f' 't.UlS.ttorm deformation 
18 assuma4, 1 t is evident that at an;y- particular atage at tbe col4-
<lraw1.na proceaa, the d1strilntt1on ot cryataJ.a with [ll:g direction 
al..=g tbe fibre md.s w.Ul e.lao be uni.form. As the (lll) planes are 
perpenc!ieular to the [J:J:g direction oDi thus tbe fibre axis, ucasure-
me.nt ot lll reflection intensit1es from various regions on the cross-
sect1on Cit tbe rod provide a 2ens at 1nvest1siit1ng tbe nature ot 
41strtb\Jt1on ot the d.etormt1on texture. Such 1ntenaity measurements 
tar the lll reflect.ions on tbe crooa-sect1on ot a 60 per cent cold-
4ralm. nickel rod were tOUDd to sbaW a max1mirm V'm.'1.at:J.on at approici-
mtely 8oO pez cent. !1be order at masnttude ot thi.s variation in-
dicates tbat tbe texture Vitb1n the drBW rod la not unitarm and 
assumed. 
Because Of tbe ul11form1. ~ ot redial coupoessicm developed 
Vben a metal is dra.rm tbr0\l8h a die, tOO dl"avn rod can be divided 
1nt;o oonceDtrio rc3S-0ns centerec1 on the ti'bre axio am having ap-
proxt.mtely And Jar &Seformation chare.cter1stics. Pi{Jure 35 aboW& the 
relation ot tb9 apberlca.l ~ to tbe rod trcm which it was 
mctdmct. Bqt.ona tit ~"Rte~ 81.t:d.lat" cletOr'IJIJtion cbaracterta-
X_RAYS 
F. A . 
,,,..--- -~ ..... 
/,,, ,,.- -...... ' 
"" ... ...... ' 
FA 
G.C 
FIGURE 35. Relation or ~ spherical specimen 
to drawn rod from which 1 t is macbinecl. 
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tics are aboWn ~ areaa 1, 2,, ' 8ll4 a.. PC81t10DS or tbe x-7:e;1 
aource and tba aesaar comxter ce a1ao 1n41cate4. Ibo ma ar ro-
tabian ls ~D4S eulc' to tbe plane at the ttsure aid puoes tl:R'oush 
the centre ot tbe fJ'peC!JDtm.. It 18 -.n, 'u.t a ~ ~ rotation 
at tbe spec:l.mD C8UleS tbe x-l'8;J beam to tra9et• ress,cma l ~ 
4. 9lus, the 4&ta obtalne<1 tcr drald.DS cW'tetent ~ t:tt a pole 
f18Ul9 cui be ~ to ocrre~ to ~ma vith 4ittC'8t?t 
Womt.tlan ~ca. Bimllar arg\mJlt8 al*> bold true tcc-
otlm" llBtbo4a c4 pole n.sire determln&Ucma tar 4rmm ater!als. 
lt 1• 9"f.deDt fto<B the above diacuUian tba.t pole f1&aJre 
llll9tbo4. t« deealibtns tbe til!l:ture8 ot armm mter1ala u mt quemtt. 
tats.~ reliable. ~' U. 4raVD texture lll¥Ju1A be 4eee:tlbe4 
anl1' u aitwMld ~ 8,DltCS.fle ~o 41rectlc.m a101JB tle 
fibre axl.•· 
CBAPTIR VIll 
Aa shown 1n Chapter VII, i~ detO'!"lIBticn ot the 
mtal occurs duri~ tbe coJ.d draV1Jl6 proceaa. As a result tbe defor-
mation textwe varies in ditt81"8Dt corioentnc regions around the 
fibre a.xi.a. In this clapter results or a quantitative determ1mtion 
ot variation 1n deformation texture of tbe cold clrawn nickel roda are 
preaented. 'J!be effect of anoeaung at various teq>eratures on the 
41stribution ot texture is also c11scussed. Only basic principles ot 
the >Z•rq cliftrac:tian technique used for texture variation ~ a.re 
included 1n tbia chapter and the mrperimntal details are 41acuaaed 
1n Appen'-1¥ m . 
The variation ar texture in various concentric regions ot the 
col.cl drawn &D4 alao at tb9 cold drawn aDd 8Ubeequexrtly am>ealed 
Dickel ro4s 'Wa8 atudied by an JV.~ d:l.ttraction teclmique euploying 
circular disc specimena. A special specimen munt.1 called bereai.4ter 
the "Dioc apec1nen JOOUnt" wo COllStructed for tbie purpoae (tar a.. 
tails tee Appelldix III) . 
P'1!i5!t10,!!, 2! x-r& dUc !J2!Clm!ns. five, 1/4" thick discs 
tran each at 'the tbree cold arawn nickel rows Vith 20.6 (item no. l), 
40. 5 (item no. a) and 6o (item no. 3) per oent cold re4uction were 
JMCb1ne4 an a lat.be. b1r faces were 8llOOtbe4 and. made parallel by 
tald.11'3 very l.1gbt cuts. '1be specimns were cont1DUOUBly cooled Vitb 
water d\U"iDS macb.1n1Dg. 
'lb! fitteen apec:I mena thus obtained were cli vided into five 
batches ot three specimens each, tbe three degrees ar cold i~on 
mentioned above beiDB represent.ed in each batch. Ono ba.tch vaa used 
tor 1.nVeetJ.aations of t.be as clravu uetal Gild the rem.:lni..08 four were 
annea.led tor one hour at 4oo•, 600·, aoo· and iooo•c rcspectivei:,.· . All 
ti. specj rnews wre then necbani~ polished 8l1d etched in a 4o per 
cent nitr..c acid solution to renr;:r.,"C the surface ~-ers Of tbe r:etol 
disturbed due to noch1ning and poliabi.ng opera"tionn. 
Buie Einclplea 2!_ !!!; X-13Y teclm1Cl'!!• As expl•tmct in 
chapter VII, a cold c1rawD rod can be d1V1a.4 into COIDC9ntric restona 
at lfRll'Oll•tely eimilar 4etormt1on cbal'acteri..Uca. !he dra.ViDg 
texture 1n nickel can be described aa an aUgmmnt at [W..J aD4 !J.rxf/ 
41rect1ona along the fibre ula. The desree ~ tb1a alignment depenSe 
upon the mmt ot ool4 deformation pro4uced. The (lll) and (100) 
plallea, being perpen41eular to the /J:Jf! and [!«ff 41rect1ona re-
apectively 1D Dickel, lie in a plaDe perpen41c:ular to tbs tibre e.da 
ot tbe drawn rod. 1!lus a quantitative 4etermlnat1on at the variation 
1D tezture can be mde by meaaur1ns the lll and 100 reflection 1n-
tena1 t1ea tran various concentric reg1ona on the croaa-aection ot tbe 
rod. 
In rtgure '6 ea~ntial elements at the ' disc s:pecimen ioount• are 
ehovn. 'lbe ctraular &Use specimen (1) 1• fixed. centrally on the tace 
plate (2) proYiaed VS.th a 9haft (3) . Dle ax:le of rotation ea' coin-
a ' 
I 
1 
b ............_ 
-~ · 
a 
GEIGER COUNTER 
FIGURE ;6. Essential Elerrents of the 'Disc-
spe cimen lt>unt ' • 
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c1dea With tbo t1bre axis or tba speC'Jnen . 'ale position of the x-r~ 
source and the Geiger counter are also il'ldicated. M!ans are also 
provided for latieral ~nt of the specimen in e. direction at r1Bh't 
angles to the fibre axis. 'l'hus ditte-rent regions ~ the specimn can 
be irradiated Vi th the x-rey beam. By rotating too specir.en at 00 
rpm, an average vnlue or ( 111) and 2( 100) retlectiono !rom any con-
centric r<!{51on of the rod~ be obtained. 
Htasurement ~ x-m 1nt.en81ty. ~ ot tbe (lll) aDl1 
2(100) retlectton intenaitiee at the tibre axis am 1&0. 05 1Dcb 
1nten'ale on tbe rad.11 ot tbe disc epedmem were made. 1lo om 
aystem ot alits and &q}li tu&! aetuns could be uaed. to regtater both 
(lll) am 2(100) retlecticma eatiatactor1~ tor tbe tolJ.oll1Qs reaacm. 
1'be ditterent 1ntens1ty r4 tbe two re:tlect1cms is ao grut that t.he 
slit system Which gave a nndnnw (ill) 1.Dtenaity Wltbtn ten unite on 
the chart, cauaea tbe 2(100) l1Des t.o drop v1tb1n om unit, tbua ln-
creudns t:a:. probability ~ error in tbe1r valuee. '!bllre1'ore 1 t .. 
tOW'l4 necessary to prepare the tolloviDs three eete ot x-re.v 4ittl'ac-
t1011 ehar'ta a thl t1nt aD4 lll!'eond eete were made w1 th ditferent all t 
aystema and azzpl.1 tude settitl69 to obtain accurate data tor the ( lll) 
8lld 2(100) ret1Atct1one respect!~, tm Wr4 88t vu .a& to obtain 
CC111)C1.t1ve ftl.uea ot (ill) aD4 2(100) ret1-ct1ona by' ua1JSB tba eama 
8lit system and anpllt\Xle eetUQQ. !he fllDDlleat tube allt (0.075 
centir.leter) waa uae4 tor all tbe three set.a, and the Geiger tube sll t 
and the &Dl>li t\1fJe aetttl:lp were adJuated to obtain antiatactory read-
1.np tor each ir.14:lvi4ml l&t. W1 tb tbe g2.ven tube 8l.1 t, tbe ebape ot 
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the area on 'the Stn"t'ace ot t..?le S,Pedmen irradiated by the x-Z'aY' beam 
'Dle {lll ) and 2(100) ref"lecttona :f"rom disc ~cimns or 20. 6 
(item no. 1), 40. 5 (item no. 2) and 6o (item no. 3) pm· cent cold 
draw nicke1 rods ti1ere maasured. S1milar intene.1 ty measuremen'Cs on 
tbe specit.Y:ma annoo.led at various ~atw.·eo, as described in a 
previous section, wre also made. For preparation ot the tllrea cold 
drawn nickel rods representing approx:l.r.Bte.ly 201 40 and 6o per cent 
cold red:uct.ions, stock materialc annealed at ~x:n•c after having re-
ce1ved var.v1l1Q amounts or cold work, \JarC used. This 1:l road1ly seen 
f'rom the flow ebeet of cold drawina operation (Figure 15). It 1a 
known that the orientat10M generat.ed by forming procesaes on subse-
qumrt azmeal.ing of the det'ormed metal, may result either 1D retenUon 
of tbe detormation texture or deve.l.opement of a cev recrystall1zatton 
texture. In some metals, bowover, especially on anooa.11118 at llish 
tenporatureo, the def'an:ntian texture 1& returned to a ranclan state. 
/\£ G.hown in a later section, the cold drawn texture of uickel, tbouih 
retaiood on subsequent annealing at Coo •o, ia relldered vwy weak. 'l'hua, 
the presanoo or this residual "texture due to previous cold work on tbe 
stock mtoriola used, thl>ugh very weak in nature, must be kept in mind 
when mak1 n& a ~au ve s~ or tm ettect on orientation at increaa-
ill6 cold dct'or•ti.on to \lbiob the t.al 1• INbeequent.1¥ subjected. 
tenai ty values at Im and le(ioo) ~lectS.008 trom the three sets ot 
x-ra.,v 41ttraction cbart8 mentiolled in tbe previous section are listed 
in tables VIII tbroush x. 'Dle8e 1ntena1 ty values b&Ye been plotted an 
ordimte• at graphs at their correepoMing 41atancee tram the fibre 
exls aa abawn 1n Figures '7 tbroug)l 45. Relative iutemlity ot (ill) 
au4 2( 100) retlecticms tram ozmeale4 n1ckel powder' are also 1nd1.cated 
on tbe graphs. These illtensity values tbwl oorreapond to a raftdanJy 
crtented specinlm. 
Pigures Y,, '8 and '9 Gbov tbe relative concentration at cry. 
atal.a v.1.tb {Il.g' direction aligned along tba ~ibre md.a 1n 41.tterent 
conceJJtric regs.one at tbe ao. 6 (item no. l), 4o.5 (item no. 2) and 60 
(item lilO. ') per cent cold 4ravn nickel rods respeotlYely. Far 
ecoDCllJJ;Y' ot wards and convenience at 41acusm.on, c:ryatala wlth a 
are bereatter cal l.ed • ffe4l oriented crystals' • It is seen trail 
figures '7 through 39 tbat the concentration at [Il.g' oriented ery-
atal.8 1a largeat at tbe fibre Uia and atea41ly decreases Vi th in· 
creas2 JlS diatance f'ran tbe fibre axis till 1 t reaches a m1Dinnn value 
neezo tba ml4-ra41us at tbe rods. Tbe rate ot c1ecrease ot tb1s con-
centration 1Dcreaeea with 1nareas1ns cJasreee at cold 4etormt1on. 
Concentr1e regions 1n the vicin1ty at the m14--rad1us ot the ro4 do 
llOt amv any 111.gn:tncaut change at concentration. In the out.ermst 
repons, 00.t&•, a aligbt 1ncrease in conoentration 1e Dated. In 
these rqloaa ~ the rode, tbe concentration at jJ:J:g orient.ea. cryataJ.a 
1• a.en to~ decNue Vltb lncreu1ng 4e8l"M at 4etarmat1cm. 
In ccntn.n to tb1•1 ti. Ctn:Jeutraticm at tbe fibre axla 1nc:raasu lJT 
TABIB VIII 
RJ!lLA'l'IVB (lll) ltll'itlBl'.rr AT V.ARI<XB DmAHC&S 
FROM ml ftBBB AXIS OB !BB CRCSS-81C'l'IOll 
fl COLD mAW llIC!BL BCD 
Concentr1c Distance ft'a:l 20. 61j col4 t.o.,. cold 
regicm &>. fibre u1e reduced red.uced 
(incbee) 
1 0 4.43 7.45 
2 0.05 ,.2 ~-87 ? 0. 1 a.~7 • os o.i; 1.7 2.1 
5 0.2 1.16 0.75 
6 0.25 o.a o.~ 
7 o., 0.75 o. 
8 o.J5 0.9 o.4, 
9 o.~ i .55 0.58 
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~ col4 
ro4uce4 
8.6 
ts. 6 
6 ... 
,.o 
0.85 
0. 22 
0. 05 
0. 05 
0.11 
TABLB II 
RBLA'l'IVB 2( 100} lltl!illEM Nl VARI<& DISTANCIS 
l'BOM ms rIBRE .Am a1 BB caam-
SBCTIOI fR COLD IlWRi UI<ZEL BOIS 
Concentric DietAmce trom 20.~ col4 4o.,_ col.4 
region lb. ~1bl"e ax:ie re4uoed red:uoed 
(1ncbea) 
1 o. 11.. 1 a.a 
2 o.o; ,.6 2.2 
' 
0.1 2.7' l.65 
.. 0.15 2.e 1.2 
5 0. 2 l.85 l .16 
6 0.25 l.~ 1.05 
A 
o., 1.,5 1. 0, o.,, i .55 1.4 
9 o.~ 2.15 1.7' 
~ cold 
reduced 
2.75 
a.75 
a.o 
1.17 
0.87 
o.61 
o.61. 
0.9 
l .2 
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TAJU I 
~ (ill) AID 2(100) Ilf.lDll'l.'f AT VABIOOS DJS1UCIB fttQK 
9 l'IBRB AXl8 ON B ~..SEC'J.'IOO fR 
COLO mAWH IICIEL ROlS 
OonQentrlc Di&'tanoe from 40.~ col4 ~ col4 
region lb. ttbre a.xi• reaucea re4uoe4 
(1r2cbe•) 
Illl 12(100) Iw 12(100) Im Ia(100) 
l 0 ll i.ar 1'·31 0.89 13.75 o.~ 2 o.os 10.~ 0.9 ia.,i. o.rr 1'·75 o. 
~ 0.1 a. o.88 u .o o.r u 0.55 0.15 ,.~ o.&a 6.6 o. 5.o6 o.aa 
5 0.1 5.75 o.~ 
'·' 
0. '3 l.~5 0.17 
6 0.25 2.72 o. 1.95 o.aa o.~ 0. 17 
7 o., 2.6, o.'6a i . 55 0.22 o. o.u 
8 o.?' a.a o., l .87 o." 0.61 o.aa 9 o. a..O} o.6 e.,, o.'4 0.79 o.,, 
u 
10 
9 
8 
7 
6 
5 
2 
l 
0 
0 
LRGBrID 
Illl 
--- lUl randOJI 
.___ 
0.1 0.15 0.2 0.25 0.3 0.35 
D1etance ( 1n tnchea) ot tbe center ot tbe area 1.rradiated b7 
the x-rfq beam f'ran the ceuter ot tbe -.ecillllm. 
FIOURE 37. Relative ( lll) 1.ntenai ty n-am concentric regione 
at various d11Jt&Dcea t'rcD the tibre a:1a ot a 20.6 per cent 
cold drmnl ( 1 tem DO. 1) one inch diamter Dicbtl rod. 
-
o.4 
a 
H 
~ 
I 
11 LEQElU) 
I lll 
10 
-- - - I 111 random 
9 
8 
1 
6 
5 
3 . 
2 
1 
0 ,__ - - I • 
0. 3 
•d 
0 0.05 0.1 0. 15 0.2 0.25 0. 35 
Distance (in inches ) at the center of the area irradiated by 
tbe x-~ boam trom tbe ceuter ~ the apeciJEn. 
l'ICJURE 38. Rele.tift (ill) 1.Dtensity trca concentric regions 
at variOUll distanees tram tbe r1 bre axi• at a b-0. 5 per cent 
cold drawn (it.ea no. 2) one 1JlCh dieEter nickel rod. 
o.4 
ll 
10 
9 
8 
7 . 
6 
5 
4 
3 
2 
l 
0 
0 
LEGEND 
Illl 
- --- 1111 random 
~ 
----
,__ 
-
_. 
- --0 . 05 0 . 1 0.1 5 0.2 0.2 5 o. o. 
Diatance ( in 1ncb9•) o.t the center ot the area irradiated by 
the x - ra;r beam from tbe center ot the arpeMmec. 
i'IOORE '9· Relative (ll.l) 1nt.enaity tram eonceI?trie rog101la 
at various d1.8tan.ces tram the fibre ui• ot a 6o per cent 
( 1 tem DC. 3) 0118 inch diameter Dickel rod. 
35 0.1.&. 
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sixty eight per cent when the cold detonation is increased from 20.6 
to 40. 5 per cent., whereas a further 20 per cent increase in cold re-
duction produces only rit'teen per cent increase in tbs concentration 
of /J.lfl oriented crystalo. 
Figures 4o, 41 and 42 show the relat1 ve concentration ~ IJ.O<jf 
oriented crystals in different concentric reg1ona ~ the 20. 6 { 1 tem 
no. l), 4o. 5 (item no. 2) aDd 6o (item no. 3) per cent cold drawn 
nickel roda . Unlike the [iJ.g oriented crystals, tm corJCentration 
or IJ.cxjf oriented crystals in the 1noor regions of the cold drawn 
rods decreases Vi th increased degree of cold reduction. But tor this 
ditterenco in behaviour, the general characteristics of concentration 
distribution of [iJ.g a:cd [f.cxjf oriented crystals a.re similar, aa 
seen in 1'1.gu:rea 37 through ~2. 
The relative concentration of Cl.l]] aD3. fJ.t:xjf oriented crystal.a 
1n various reg!.ons of the ditterent nickel rods ta 8bovn in Pigures i., through 45, and the values at tbe tibre axie are listed in table 
XI. It is seen that apprOXimtely ten per cent ot the ceystal.a are 
alignect Vi th their [iOlf/ directions along tbe fibre u:1s ot the 20. 6 
per cent (item no. l) cold drawn rod, a.n4 this mJDber decreases to 
about five per cent as the cold reduction ls increased to 6o per cerrt. 
Thus, it is e:pporent that in cold draw nickel, 1ncreUiZJS &DDUtlta of 
cold reductions tend to prochloo a pre4ominately IJ:l:g texture . 'Dlia 
conclusion ie further etrengthelled by the observation that the c~n­
centrationa at IJ.~ oriented crystals 1D all regt.ans <:II the cold 
cJravn ro4o c2ecreaae V1 th increuiq:J del'onmtion, a.a seen in Figures 
la() throu8h 42. 
5 
4 
-
3 
2 
l 
0 
I.EGEND 
12(100) 
---- 12(100) random 
~ -
- - -
- - -
0 o. 0.1 0 . 1 5 0.2 0.2 5 o. ; o. 35 
Di stance (in inches ) Ctr tbe center of the area. in-ad.1.ated by 
the x-ray beam trom tbe center or the speciJDen. 
FIGURE 4(). Relative 2( 100) intenBity trom concentrlc regioos 
a.t varioUS distances trom the .fibre axis or a 20. 6 per cent 
cold draVn (item no. 1) one in.ch ~te.r nickel rod. 
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FIOURE 41.. Relative 2 ( 100) intenai ty tram concentric regiona 
at various distances f'rom the t"ibre aJCis of a 40. 5 per cent 
cold dravn (item no. 2) cme inch di&Deter nickel rod. 
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FIGURE 42. Ralati"Ye 2(100) 1.Dtemdty 1'rom ccmcentr1c reglons 
at varioua distance• f'rcD the ribre axis at a 6o per eent 
cold drawn (item no. }) one illch d1...,ter nickel rod. 
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FIGORE 43. Relative (lll) and 2(100) inteDSity f'rom concentric 
regions at various distances :trca tbe ribre axie of a 20.6 per 
cent col.d drawn (item DO. 1) o:oe inch diameter ni.ekel. rod. 
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FIGURE 44. Relative (lll) and 2(100) illtenaity from conoentric 
regions at various di.stances t"rom tbe fibre axis at a 40. 5 per 
oe?It cold drawn (item no. 2) one inch diameter niclrA!l rod. 
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FIGURE 45. Rel.atiYe (ill) and 2(100) 1nteDaity f'rOm concentric 
regiom at 'Y&l"ifJIU9 diatanoas troa tbe fibre axia at a 6o per 
ceJit cold draYJl ( 1 tem no. } ) aoe inCh dS ... ter Dickel rod. 
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.f'i~ 46 8bova tbe relation at variation in Illl intenaitf tor 
ditterent concentrto regions to the amount or cold reduction in col4 
drawn Dickel rods. It ts seen that tbe Urtenstty tor the inner 
reatons 1 tm--ough 4 increaaea with 1ncreued. 4etomat1on. Yberea8 
re&ton 5 aboWB a decrease upto 40 per cent cold re&l.ction alld then a 
11.ight 1DCl'e88e aa 6o per cent cold ~ 1a pz'OC)ucecl. In coo-
traat t.o thi•, too 1uteu1ty in the out.er regl.cms 6 ~ 9 stea41ly 
decreases Vi th 1ncreaa1aa cold re4uction. !!ma, tbe cletonmticn 
cbaracter1st1ca ~ tbe aroups ot regions l tbroUSh 4 and 6 tlrousb 9, 
1ih:nlsb flOIDWbat aimilal' ws. thin each group, are diftezent tl"aa ea.ch 
other. 
During col.d 4TaV1lJS at a m:tu.l &ll t1breu umersc tJJe AZiJC 
overall ext.en81an 1n the 41rect1cm at tm rod ax1•1 still the MlMlt 
ot 4erorrat10D in various regS.ona around the fibre ax18 la _. to be 
41.tterent. 1!4s ~ anrmaly can be mrpla1te! in the tol.l.oviDS 
JTWJDer . U a metallic rod 1a 8UbJecte4 to PUN t.ezm..cm, a unttarm 
41trtribut1on at tensile st.reues cm tb8 croea-aectioD ~ be •••mm4· 
But \bin a metal 1• '1z'aW through a 41e, tm 41atr1b\ttian at teD81la 
stresses 1a mocSSfted by the re.dia.l cczp"Caaion 4eVeloped ~ tba 
4ravJ.ns operation. !!JI CQllJN8.SlW l'ti:reW8 are amntm near tbe 41.e 
val l 9 and 4eareo.ee u tbe fibre a.Us ot the rod 18 ~· ~ 
tm [ilU texture 1n ni.ckel, cbaract.eritrtlc at 4-tonatUm b~ tenatcm, 
:le ~ to become Dr.Jre and mre veak st inareast ng diatancos trara 
the fibre axla. !b1a fact 18 barne out b1' e:r;erimnt&l S-r&iY tittrac-
'UOD c1ata. lbosm in ftaur-8 ,7 tbro\36b '9· 
Dae to ti. tenatla a~ pre4tm nant in the ceutnJ. rqlona 
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FIGURE 46. Relation of ~tion in (lll) intensity 
tar ditterent CODCentric regions to tbe amount ar 
cold reduction in cold drsVn nic.Rl rod.a. 
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lll 
of tbe rod, the cry&tal.8 rotate to align their body d1egomJn.-tbe 
largest «UnmMJion ot the cube--al.ong the temtcm dil"ect1on. Whereas, 
am to euper1q)o8!tJ.on at conpressive and tenaile stresses in the 
out.er regions, tbe rotat1.0ns are mre Call)lex ao:t tbe ~ dj ago?l&l.s 
Qt tbe cr)'8tals 4o mt a11gn along the rod &:Id.a. Thus, even tbou6b 
tbo over-all extemion ot the fibres in a rod is tbe sm:e, the degree 
ot &!ltorma.t:l.cm increases V1t.b ~ d1atances f'rm tbs fibre 
axie. A •11sht decreaae in the amunt ot detormrltion 1n the out.er8)st 
regicm at the rod, ea indicated by 11lC.r98SC.d ccmoentrat:ion at fJJ,g 
orient.ed cryatala,, 1a probab]3 4ue to tm ettect at the aravi.118 die 
Vblcb eeenw to hinder rotAUCU ot tl.8 cr)"Stal8 near tbe au:rf'aae 1D 
cU.recttone other than parallel t.o 1ta .us. It ia -11.y eeen that 
rotat1ou 1n a 4.1.rectlon parallel to the 41e val.18 ten! to •Hp the 
~ ~ along tbe fibre azl•. 
rraa tha clisauaaian given abaVe, 1 t ~ be eanclUl18cl that tbe 
total cletonmtion in a 4raVn rod nrat increa8e8 v1 th 1Dc:l"eu1DI 
41stauce from tbe fibre axis almgt to tbll aurtace vbeN a ..USbt 
c1ecrew 1a obaerve4. 
Bttect 2t. a.nneau!§ 2! varJ.ation .!!. texture. Inten81ty data 
trca the x-rq 41ttract1on cbarta or the 41ac apeci.lamS emwele4 at 
4oo•, 600°, eoo• aod 1000•c, u deacr:lbe4 prevtouaJ.y, u 11at.ed 111 
table• III ~ xvu. Graphs at relatiff 1Dt.ell81t1es ot ( lll) an4 
ai.o ot 2( 100) retlecticma at ftrloua 41atal:lae8 trcm the fibre axia 
on the diac ~are abaVn in PS.aure• 47 tbrouSh 70. '!be 
epec!mne ammle4 at aoo•c abDV & NCl'J'S't&Uir.ed tine gra1ne4 atruc-
TABIB III 
RBLM'lVI ( lll) Itt11RJM Nl VARIOlS D:umrlCiB 
rBQM S flBll AIJ8 Cl 20.6 E'ElUZlft" (Im! 
mo. l) COLD lmAW ARD AllEBUID DISC 
Cl mom. 
l>1ata.noe Iran fibre 
a.aia ( incbea) 
M cl:ra.D l$OO ()()() 
0 4.4, 6.4 4.76 
0. 05 3.2 4.16 ,.95 
0.1 Q.47 2.<J7 e.6') 
0. 15 l .7 l . '1'( l ,85 
0.2 l . 16 l., 1. 4 
0.25 o.s 0.95 0.91 o., 0.75 0.95 0.9 
0.35 0.9 1.03 0.9 
o.4 l.,, i .55 1.2 
ll2 
8oo l.000 
0.87 a.15 0.49 i . i., 
0. ,5 l..az 
o.as l., 
0. 15 l.. Q5 o., 1.. l 
o.4, 0.85 
o.i., 0. 5 
o.6 0.7 
TABIB XIII 
B11Ar1V1 (lll) DtllMft NI VABI<UI DJBTAICIS 
l'ROM U IDKI AZl8 W '60.5 PIBClll' (lml 
.,. 2) COLD lBAD AID •lftAID mac 
SPICDlaB '6 IICIDIL 
J>iateDce hem fibre ArmoaJias !ft!n!Jel'ature •c 
az1a ( incbu) As draw 400 600 Boo 
0 7.45 6 ... 7.0 o.8 
0. 05 , .87 a. , 6.55 o.ea 
0.1 .oa 
'· ' 
5.03 0.75 
0.15 2. 1 2. 0 2.7' 0.55 
0.2 0.7, 1.0 1.4 o., 
o.as o.,, o." 0.7 0.23 o., o.~ o.,, o.45 o.,, o.~s o. ' o.i., 0. 5 o.~ o. o.se 0.65 o.6 o. ' 
1.000 
1.58 
1.6 
l.C8 
o.!ie 
o.ea 
1 . 0 
0.85 
o.ti9 
0.1' 
TABLI XIV 
RELATIVE (ill) D!®tfJIT'i Iii VABIClB DISTADCi3 
J'.ROM TBB PIBRE AXIS W (Jo PBRCE!f.r (Imt 
NO. ') COLD mAW?I AUD AmALBD DlSC 
SPECDmlS C2 HICKEL 
Diato.nce from tibre 
Amletlling Tenperature 
ans (inches) As dre.vn J.oo 600 
0 8.6 9.8 10.2 
0. 05 8.6 8.:55 9.1 
0. 1 6.4 7.0 5.0 
0. 15 ,.o 3.28 i .75 
o.a o.a; 1.12 0.71 
0.25 0. 22 0.38 0. 1 
o., 0.05 0.1 0. 05 
o.,, 0.05 o.06 0. 1 
o. 0. 12 o.ia o.e 
ll4 
•c 
800 1000 
0.25 0. 12 
o.45 0. 15 
o.4 o.~5 
o.a6 0. ,5 
0.37 0.56 
0. 22 o.6 
0.1 0. 75 
0. 15 o.a 
0. 22 0. '5 
fABtB xv 
RELAT.Ml 2(100) llt1BR91'.1T Nl VABI<U DJSTABC'm 
PBOM !Bl FllllB AUS <R 20.6 PE.CZlfr (imt 
NO. l) CQt1) !BAWi AID M8AL1a> DISC 
~ lllCllL 
Distance tra:D fibre . .Annealsna !\%~ 
a.xi• (1ncbe9) As 4rawn tioo 6oo 
0 4.1 5.1 5.8 
0.05 ,.6 ,.95 , .15 
0. 1 a.73 5.1 a.4 
0. 15 2.2 2.15 a.o 
o.a l .85 1.6 1.6 
o.es l .4 i .55 1.5 o., 1. ,5 1.5 1.5 o.,, i .55 a.o 1.6; 
o ... 2.15 e.5 a.25 
115 
•c 
eoo 1000 
e., 1.65 
1.4 1.6, 
1.1 1.87 
0.7 2.0 i.e 1. 0 
1. 0 a.a 
o.~ 1.6 
0.85 l . l.8 
1. 0 0.7 
'l'ABtB XVI 
RELAnVB 2(100) tmme~! A'R VABI<m 
DlS~CIS raCM - FIBBI am~ ~.5 
PIBCDl' (na .,. a) a.u> 1lWl1f Alm a-
•'zn DISC SPBCDaS r:R IICllL 
Metanoe trca fibre AtmeelSDS ~ture 
u1e ( tncbe9) 
,,. 4rmm l$OO 6oo 
Q 2.a ;s.65 ,.4 
0. 05 e.a a.~, ,.o 
0.1 l .65 i .75 1.9 
0.15 i .a 1.15 1.4 
o.e l .16 1 .0 i .15 
o.as 1.05 0.9 1.1 
o., l.°' 0.9 l .O o.,, 1.4 l.,, i .e 
o.~ 1.7' i .7 1. 6'1 
116 
•c 
800 1000 
2. 45 l.,, 
i .8 o.8 
1.43 i .o 
0.9, 1. 25 
i .15 0.75 
i . 15 1.0 
0.95 i.aa 
l .J 1.e i.a 1.8 
'l!ABLB XVII 
BBLATIVI 2(100) nmmsift AT VARIOUS DISfA?lCES 
nox ms nm AXIB <:1 6o PBRcmr.r (IDll 
HO. ') COLD DRAWN A?ID AlllBALID 
DI8C SP.ICIIBE " llICllL 
Diatu.ce trail fibre .AnmalSng ~ature 
uia (1ocbe•) 
All draw i.oo 6oO 
0 e.75 3.1 ' ·5 0.05 a.75 , .2; 
'·' 0.1 2. 0 2.a..5 2. 4. 0.15 1. 17 1.4 l . '9 
o.e 0.87 0.9 0.9, 
0.25 o.62 0.7 0.7 
o., 0.61 o.6 o.6, 
0.,5 0.9 0.81 o.8 
o.4 l .C 1.14 l.2 
117 
•c 
8oo 1000 
l.5 l.~ 
l .55 l .7 
1.25 e.5 
l.o6 1.4 
1.05 e.2 l.,, 2.6 1.,, 2. i. 
0.72 2.1 
l.a.8 1.8 
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FIGl.Jlm 47. Relati't'e (ill) ilrteDaity tram conceDtric regi.cme 
at various 418"tances troa tbe f'1bre ana at a 20.6 per cent 
cold d:ravn one inch c1iamter nickel rod aimealed. at 400•c 
terr one bour. 
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FIGURE 48. Relative {111} intensity tram concentric regions 
at nrtoua d:istances fran the tibre axis at a 20.6 per cent 
cold draw one inch diameter nickel rod e.zmealed at 6oo0 c 
tor one hour. 
o.4 
ll 
10 
9 
8 
1 
~ 6 
H 
~ 5 H 
I 
H 
4 
3 
2 
1 
0 
0 
Illl 
1lll random 
0.05 0.1 0.15 0.2 0.25 0.3 
Distance (in inches) of the center ot the area irradi&ted by 
the x-ray beam f'rom the center ot the specimen. 
FIGURE 49. Relative (ill) intensity from conceDt.ric regions 
at various diatancea .from tbe fibre axis or a 20. 6 per cent 
cold drawn one inch diameter nickel rod annealed at 8oo°C 
.far one hour. 
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FIGURE 50. Relative {ill) intensity t"rom concentric regions 
at various distances from the fibre axis at a 20.6 per cent 
cold dra.vn one inch diameter nickel rod annealed a.t l000°C 
tor one hour. 
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FIGURE 51. Re lative (111) intensity from concentric regions 
at various distances from the fibre a.xis of a 4o. 5 per cent 
cold drawn one inch diameter l2ickel rod annealed at 4oo°C 
for one hour. 
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FIOlJRE 52. Relative (111) intensity f'rom concentric regions 
at varteus diatanees rrom the tibre axis or a l+o. 5 per cent 
cold. drawn one ineh 41ameter nickel rod wmeale<l t 6oo•c 
for one howr. 
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FIGURE 53. Relative (lll) intensity f'rom concentric regions 
at various distances trom the fibre &Xis o£ a 4o. 5 per cent 
cold drawn one inch d.ia.neter nickel rod annealed at eoo•c 
for one hour. 
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FIGURE 54. Relative (ill) i.Jrtensity trom concentr1c regt.ona 
at varioua distance• tram the fibre axi• of a lt-0.5 per ceJJt 
cold drawn ODS inch diameter nickel rod .,,.,....i.ed. at 1000°C 
tar one hour. 
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FIGURE 55. Relative (lll) intewilty tram various concentric 
regions at varioua distance• from t.he .fibre ai• or a 6o per 
cent cold drawn one inch diameter nickel rod annealed at 4oo0 c 
tor one hour. 
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n:CJURE 56. Relative (ill) tnt.ensity from concentric region8 
at various distances !"rom the fibre axis ~ a 6o per cent 
cold drawn one inch cliaimtter nickel rod annealed at 6oo°C 
tor one hour. 
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FIGURE 57. Relative (ill) 1ntens1ty from concentric regiODa 
at various distances from the tibre &Xie ~ a 6o per cent 
cold drawn one inch diameter nickel rod annealed at aoo·c 
tor one hour. 
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FIGURE 58. Relative {111) fntensity from concentric regions 
at various distances from tbe fibre axis of a 60 per cent 
cold drawn one inch diameter Dickel rod annealed at 1000°C 
for one hour. 
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FIGURE 59. Relative 2(100) intensity from concentric regiona 
at various distances from the ti bre axis a! a 20. 6 per ceDt 
cold dra.vn one inch diamster nickel rod annealed at 4oo•c 
fCYr one hour. 
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FIGURE 6o. Relative 2( 100) intensity from concentric regions 
at various distances trom the fibre axis of a 20. 6 per cent 
cold d:rawn one inch diameter Dickel rod annealed at 6oo
0
c 
for one holll". 
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PIGURE 61. Relative 2( 100) 1ntena1 ty tram concentric regio.na 
at varioua dllt&Doea tram the fibre axis at a 20.6 per cent 
col.d drawn one inch diwter Dickel rod •mealed at aoo•c 
~or one hour. 
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~ JC-.t"tq beaa 1"rom tbe center Qt the spe.c:1mml. 
FIGURE 62. Rela'tift 2(100) tntenaity hom concelltric reg1.om 
at vsrioua 41.a+Anclt• o-om tbl!I f'ibre axia at a 2!0.6 per cent 
oo.ld 4ra1m aae 1ndl di~ ntdatl rod armea,194 u 1000•c 
tor one baur. 
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.i'I<JURE 6}. Bel.aziw 2( 100) J.atemity t'rem OODNntrlc reg10D8 
at ?al"ioua distances trom ~ tibre a::i• or a i..o. 5 par citDt 
cold 4rawn one inch d:1.wter Dickel rod a"""4led at 4oo•c 
tor one hour. 
--
~ , . 
• 
I 2 · 
1 
0 
0 
- - -
- - ____..___ - - ---- - --II---- - ---411----- - ·---419'-- _ __... _____ -·-"-- - -
0.05 0.1 0.15 0.2 0.25 O.} 0.,5 
Distance ( 1n incbett) at tbs center ot the ena Ura41sted bT 
the x-rq beam traa th& ee:uter ot tbe ~
natJRE 64.. Bel&U ve 2( 100) 1.Btlm81 ty f'rom ccmc:entric ngi.®& 
at TariOUS diataDe98 t'rom tbe t'ibre axia at & 40.5 per cent 
cold araw one inch diameter mclml rod~ at 600•c 
~or cme bom". 
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the x-ray beam from tbe center of the specimen. 
FIGURE 65. Relative 2(100) intensity trom eoneentrie regions 
at various distances from the tibre axis oL a 40.5 per cent 
cold drawn one inch diameter nickel rod annealed at aoo•c 
ror one hour. 
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FICJURE 66. Rela:tive 2(100) i.Jrtensity frt1111 eonceDtrie regioos 
at variQ\1.8 diata.neee from tbe fibre axis of a 4o.5 per cent 
eo1d drawn OM indl 41.-ter mcltel rod annealed at 1ooo•c 
tGI: one hour. 
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D1stanoe ( 1n 1nchn) or the eeuter or tba area irrll41&ted bJ' 
tbe X•rtq beam b"ail the center ot tba apectwn. 
PIGURE 67. Relatift 2( 100) 1..Dtemi ty b'C8 conceutr1c region& 
at various c11atancea from tbe fibre ax1A at a 6o per cut 
cold drawn oae il'lch cliwter nicbtl rod mmeeled a~ ~·c 
tor one hour. 
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Matance (in inchee) or .tbe eenter cf the area 1rradi•ted by 
tbe x-ray beam f'rom tbs center at tbe apeeimen. 
FiatlRE 68. Belati,-e 2(100) 1.ntensity f'rom concentric regions 
at various distances trom the ~1bre axis of a 6o per eent 
eold drawn one inch diaa!ter n1eke1 rod annealed at 6oo°C 
for one hour. 
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D1atAmoe (in blcbN) at the center ar the &re& 1rre41ated by 
the z-re;y beam f'raD the center at the .-ped.9m. 
P'IGURE 69. Relati-ve 2(100) 1Jrtemity trca concentric regioDA 
at varlooa clietanCM t'ralll the tibre axia at a {,() per cent cold 
clr8'ln one inch 41..wter n.1.cll:e.l rod anW!Aled at &:io•c rar CJDa 
hour. 
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Di.stance (ill inches) ~ tbe center ~ the area irradiated by 
the x-ray beam t'rm tbe center ot tbe speef•n. 
FIGURE 70. R&lat.ive a( 100) tm.enai ty t»olJl conee.ntrlc: regiOD8 
at ve.rious distances f'ran tbe tibre U1• ot a 6o per cent 
ool.d 4rawn oi:ie 1.n.ch di.wt.er nickel rod anreal.ed at iooo•c 
tor one hour. 
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tuna, U abcMl 1D tbe phota:alcrograpb8 preMDted in cmpter X. ~ 
ard. X-1"8¥ 41ttraction patterna mde cm the eurtace ot tbe• apec1mJla 
abav tbe preeence ot ~ (111) ml 2(100) rfdlecttoaa, iD41cat1Jls 
that no mv or1utat1on 1• developed d'm1.J3fJ recryetallisaticm ot cold 
drawn nickel. 
/tJj Mell 1D Pigurea ,7 I .a.a, 47 and 591 lbarpm1.Ds of the /jJ:JJ 
an4 /JooJ 4ra1rlns texturea 1.D 20.6 per cent col4 dravn Diakal (item 
no. l) 1• obW'ft4 an azmea11ns at 4oo•c. With further 1Dcreaee 1n 
tbe amw•Uns teaperature tbe two arientatlona are prosreaaiftq 
·.11ntene4 to • adn'•• at aoo•c (rtguru 48 am ~; 6o aDl 61). On 
&1mN''na at iooo•c, a attgbt ~ ot the t.uture i• noted 
(ftguree 50 ml lie). !bu8, 1 t 11 -.n that both /jJ:JJ and IJ.~ 
orient.aUom on enme11ns tbe 20.$ col4 4rnn ~ bebaft 1n a 
•1.1111.ar .,,,,.. • Ill ountraat to tbl• /jJ:JJ orletat1on in Ito. 5 per 
cent col4 draw ntck9l (item no. 2) 1• first w1Jrenect amt tbeD 
ltreostbenld m anr•>'na at JaOO• and 600•c rHptctiftl¥ (rtguru 
'8, ~ aDl1 52), ..._., IJ.Olj/ orientation 1• f1nt ~ 
and. tben wakllm4 aft.er 111.ad.lar azmeal f • opll'&UOD8 (ft&uNa ~1, 6' 
Cid~). ADl*'U'W at aoo•c w1Jame both the /jJ:JJ an4 /_r«j/ tature• 
(ftam'e• ''and 65). an armMJfrw at 1000•c, wbU.e tm /Jl.f! texture 
1. ~ t.i. Lf~ tezture 1a NDllllrc _. <nauna ~ an4 66). 
1be ettect ot ameel' ns en the /Jli! an4 /Jaj/ t.aturea 1n 6o per cent 
col4 drawn Dtclml (it-9 no. ') ia •hdlar to ttat 1D lta 1 (QO.~ 
colA 4nlWJl), aa 9bovn ill ftgm'e9 '91 55, 56, 57 an4 5SJ 42, 67, 68, 
69 au4 70. &:Mne·, tbl fo~ cUtterece 1D '119 c.ee ol item no. 
' (~ ool4 .... ) 1boul4 be DOtecl. M WD 1D ftauree '91 55 am\ '6J 
42, 67 aid (/(I tbe /Jl.'Jl 8Dl1 /J.tXJ7 t.ature8 in item DO. ' ( 6() I*' cent 
col4 drawn) are prosreuive]¥ lbarpeDe4 cm enneaHna at 1100• aDd 6Qo•c 
respec:tS.veq, vbile tbi1a llbarpeD1IJ8 ot detar.ticm tezture• 1A eo.~ 
cold c1ra1m Df.okel (item no. 1) 1• obeerved at ~·c after' 11b:lch wsten-
lllS at tbe texture e:r:ISUU. SSmSlar abarper;d.lll of teature 1D 99·9' per 
cent COl4 dra'm alull:l.m.a "1re recryatall.1sed. at &>o~ bu been NJO&°tl-
/fg §0) 
84 bJ' Bobmt4 a vaa---.n • '1'tlouSb tbe general treDd. ot 419trlbu.-
tion ot W. tature 1A col4 dra1m Edc:kel ia l'9ta1m4 on anrMlf• at 
aoo•c, tbe 1DtAmlltey ot (ill) Nrlect4.om 1• ret!uce4 alll>8t to tbl 
po1llt ot armShSlaticm ot the pretern4 orlentat.10Q, as aeen 1n 11gurM 
49, '' &rd 57. In eantrut to tbia, the 41atribut10D ot 100 ta.WN 
becc:m9 no&:a cm annMl!ns at aoo•c .. lbovD 1D l'1gurM 61, 65 an4 
~. The cU9trlbut1an at w. texture beca1B• nm&w on ... uaa at 
1000•c .. eeen 1D l'1gurM 50, ~ aas. ,a. 
It ~ be po1nWd out tlat tm x-rq 41ttreict1on t9clmique 
4S.acuued abcm9 1• wnn7 IN1te4 '"'~as tbe ettect r4 41ff'ereD't 
Dllll. variablAte, e.g. , tbe cli• qlu, nuuh• ot cb'a91 ~
8!!M!t'• etc. on tbB 41atr1but1oD '4 Wwattoo lD a 8ltal dmiDI 
col4 4rawlDS• A propel' cboice at 'tbe mUl practS.c:e to pro4uce col4 
drawn •teriala vJ. th greaten poe&1ble urd.tormltf can tbu.a be .-. 
IWTlOM'lCll <Ir V.ABIAUOR D MRP11S8 AID IW2aH!tta\UUS r;, CCU 
lltAD UCICIL 
~. cblrpter daala With the ·~ at ~•• ftriatlon 1n 
drawn Dickel rodl pro4uoei1 due to mn-unU'crm cUstrtbutioo at tbe 
col4-lfal:'JdJla ettect 4ur:tns the 4ro1J2s proce1a. ~bs ot 
tbs crou-eect1cma cm tbl 4ra1m rocla are 1nel.uded and ttte acroatruc-
turea 41acuaeed. 
A. IAlUP' '8 VARIAUOI D JIWlll IICllL acme 
It bu been ebcNn ua chapter VIII tl».t tbe col4·war~ etteot 
duriJ:as the draw1Dg prooeu la no~ even.1¥ trammltted ~ tbe 
aroaa-•ct1an ot the 4ra1m rods. nma, vu1.atJ.cm in mrd.Dlas, cJa-
pending \l>Oll the air.a at thD rod an4 tbe extent at cold Nduct1cm 
Sinn to tbe natertal, 1• ~cted. 
Al:tbousb 1 t 1• wall lmo1m tbat the bard.mu ot a col4 4ravn 
rod inc:reaMa with the atDmt ot col4 4ru.lJla etteot.e4, s.t 1• pe:rm;. 
not quite 80 pneraUy realised tbat the reaultins !Jardmu -.T vary 
Oft%' the eroaa-aect1cn at the dram rod. In Udl.Wtey, rout1m bar4-
neaa telta are WJWUJ" carried out cm tbe 1114-ratiua or center at tbe 
croe8-•ct1o°* er an tila4 flats en tbe wrf'aoe at the ro4, and ti. 
resulta are co•:m17 accepted aa 1Dliaat.111s t.ba hl.r4ne91 al tbe ro4 
u a llbol.9. Such teeta, Yitho\tt reprct to ti. ftrl&tlan in barclDN• 
acc:or4t.J2c to tbl poeit1ewt at 11b1ch tbe teste "'1"9 .-Ae, are obY10Q9]¥ 
UU&tltfac1>C:ry • !bi.a ia 9P9cdal Jy true VbaD a0Mne1 ~ ..U 
indent.ere, which Jake the bardness tests very local 1n character, are 
Wied. The i.ucrea8ec1 teDdellCY to carry out bardaeaa teat& on drawn 
roda, and to iDcl.ude bardneaa valuee in specifications, itlcreo.8es tbe 
aignUicance of th1a barckless variation aver the crosa-esction. 
Choice 2t method tor~ .. tef$1:p§. Bardneaa in metal.a 1• 
y 
CQIR)nly maasurec1 by the 'Rockwll ' or the ' Aemstrong-Vickel'• ' lm'daeaa 
teats. Br1mll hardneu teat• on large leCtions haft aleo been uaect in 
the past. In tbe RockWll harcSness test, either a l/16-in-d.:lametm-
ha:rdenecL.ateel ball or a spberoconical diamcmd penetrator ( 4ea1gnated 
aa 'Brale' ) is uee4. '!'be etudan\ Vickera !Menter ccmaiata ot a 41a-
mend 1n tbe form ot a square-baaed pyramld v1 tb an 1nclu&t4 U6le at 
1'6 degree• between oppoalte face• · 
'b ueeh.l nmse ot l/16-1n-41ameter ball 1m&mter 1• tram 
Rockwell B O to B 100. The barcllleas ot vro1Jgbt Dickel i• tram 
Rockvell B 95 uparaa, depen41ng on the aep.e ot cold detarm.ticm to 
Vbich tbe mtal. 1• subJected. In the upper ranp ot tbl Rockwell B 
sea.le, the ball 1DdeDtA:r 1• lmovn to •mv .- t.enc'eney to ti.tart, 
t 
tb'ua 1.Dtro4udng error• 1n the bardnee• ~. lfqV1tbltaD4illg 
41stort1on ot tbe indenter, the l/l6-in-41am'ter ball voW4 .UU be 
iDepproprtata tor ~ the ftri.&t1cm in bal'dm11 ov1Dg to the 
lack ot aeD91 ti't'l ty ot the apberical-9haptd 1ndanter to lllall 4itter'-49 so 
~· 1n bardnMS, aped.ally vben the depth at 1Dpz'eae10D 1a .uuov • 
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It 1• evident tbat large inpressions t.o ~ permt.t a eatistactoey 
:a.umber Of hardlleu measuremanta on the croas-seation ot a one 1.llch 
diameter rod e.nd thus a.re uDdeairable. In viev ot the re&00m1 en-
umrated above, tbe use of a spbericol. inaenter tor this inveet1pticm 
was not considered. 
Trial. tellta f'or determining a suitable loed tor Vicken bard-
nee1 test were ma4e a.a f'ollawa. Diamond pyromtd bard.-..lss ~ta 
on difterent radii on the c:ross-Geetion ot the 40.5 per cent cold 4n:t.vn 
nickel rod (itero. no. 2) were carried out at 5, 10, 20 aDd '° kg loa48 
reapeotive4r. '1'he bal'd.mas at tbe oeuter at the speciam was det.er-
mined Yi th a J.o-q lo84. A representative act or data trm such a 
teat is listec1 in table XVIII. It was found that oona!atently repro-
ducible valuee are not obtained td. th the various loads 1.nVeatigate4. 
!t>reover, the scatter in values fran an ideal hardnees-variation CUl"l9 
vbich 1• ex.pected to abow an tnc:reaae 1n bard.m•s Vi th 1Dcreas1DS clie-
tancea tram tbe t1bre ax19 atld a decrease near tho SUt"tcce or tbe rod, 
1& appreciable tor loads up to 20-kg u soen 1n table MII. .Uthougb 
the values obtained w1tb ~Its load agree with the m:;pecte4 mamier ot 
hardness variation, 1 t. u.se wa considered unsatistactaey ov1Jlg to non-
reproduc1b1ll ty or the reaults as amtioned above. JirweVW, to coa-
plete tbe recor41 JPB ~ta vitb '°9-Jra l.oa4 Oil 20.6 (item DOe l) 
and 6o (1 tem no. ') per cent cold .ti-aw nickel rods were e.1ao corr1e4 
out. As tbe bardnea8 varies vith the pollit1on ot the t.est spot on tbe 
croae-section ot the ~ values for 4ifterent ra4il at a epecimen 
wore not avarage4 to avo14 introdtr'""'1an at errant due to errors in 
exact pos1 t.iont ns ot tbe apeci.ren Ulldei' the 1nde!lter • A repruenta-
TABLE XVIII 
DPB (VICIBRS) VALUES cm DlPIEdfll IW>n Q1l1 
ml CRQ98-sECTIOW fl 4o. 5 PIRCl!fl 
COL'D lBAW lttCXBL ROD (IfRM I«>. a) wtm 
VARICXB LCWJ9 ell 9 ~
Dianr>nd P;yJ:ud.d BordDeGS Utmt>er 
Dtstanco trca fibre 
az1a (incbaa) 5-ka load 10-kg loa4 2().kg load 30-k& lc.4 
0 
-
249 
-0. 05 2'4 249 257 252 
0. 1 265 26o 256 ~ 
0. 1; 274 ~ 271 
= 0. 2 268 251 261 o.QS e6o 279 254 274 o., e68 272 271 275 
0.35 274 274 261 276 
o.~ 2Ql ~ 269 ~ o.45 e9 ~ fl?60 
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t1va aet of Vickers hardmss ~ta tor tbe tbroe cold drawn nickel ro4s 
is listed 1n Table XIX. Tbe hardness variation in 20. 6 aDl 4o.5 
per cent col4 c!rnwn specimens (1 tems no. 1 and 2 respeeti vely) is 
seen to foll.av the expected trend of variation tairly closely, ttberea8 
the values for the 60 per cent cold draw specimen (item m . 3) 8how a 
considerable scatter. It seems tba't '0-kg load is not surttcient to 
obtain hardness V'8lues representative ot the wrought metal, specially 
tor the 60 per cent cold drawn spee:tllen. ibt relation at tbe size ot 
the iq>resaion to tbe grain si£e at the mtd·raclius ou the cross-aec-
tion ot 20.6, ~. 5 am 6o per cent cold draw Dickel ~ (items noa. 
l, 2 and ' respect1ftly) is 8b:Ml in Pigurea 71 through 73 respective-
ly. It is aeen that the iqJrea8ion due to indentation covers approx!· 
mately thirty azl4 twenty t!ve grains in tbe oo.6 and ~0.5 per cent col4 
drawn spec.1.nens respectively, Ware88, 1n tbe 60 per cent cold c!ram 
specimen only six to e1glrt e;ratne ere oovered. The omll 11ee ot the 
il!JDreasi.on on tbe 60 per cent cold t1ravn llPf'cl.lzl)n 1ndicatea that bard-
neaa Dl!88Uremente representative ~ tbe mt.al .v not be obt.ained clue 
'to 1ncroased ~ce ~ variation 1n Wl"tace etteota. 
To investigate tbe use ot bigber loada, RockVell b.Brdnesa 
teeter vaa used due to ease ot 1 ta operation. Rockwell bardness 
smile• A, C and D (Bral.8 penetrator VS.th 60, 100 and. 15o-k8 loeda 
respeat1vel3' ) vve tried. As the e1&e <1 ir:preas1on with 100 and 
lSO.k8 loads vaa too great to permit a eatilt'actor.Y mJatber at bard-
mas measurements on tm radiue at am inch 41.allrt.er qpeclrena, a 
load ot 6o-ks was ttnalJy eelected. Relation ol the a1ze ct J.m.. 
preseion v1 th a BraJ.e 1lldenter under 6o-Ita load to tl:lt fP."Cin a1ze 
TABLB ID 
IFH (ncnas > YALUP.S (If RADn OB m mcm-
SBC'l'ICll ~ 90.6 (:r.imt R>. l), ~.5 (Im& 
NO. 2) AID 6o (I!!M t«>. 3) P!2CErfl' COID 
DRAW l'1amt RORI wrm '°9Kll LQi\I) 
ONB~ 
D1atance tram fibre 
DienDnd Pyramid Btl.rdmse lfUzxbtzo 
md.11 ( 1ncllu) 20.~ cold i.o.~ cold ~ cold 
@an drawn cJnwn 
0 205 249 269 
0.05 2ll 252 a,a 
0. 1 212 254 e,a 
0.15 210 
= 
269 
o.a W) a{J9 
0.95 QlO 274 Q68 
o., 205 975 274 
0.,5 205 S76 270 
o.4 205 2'(0 ~ 
o.4, 216 268 262 
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rICJUB1 n. Relation ot the 11• fJt ~CD (tar 41..,.,.t wramf.4 tD&mt.er uma.r ,,__ lcal) 
to the gra1Jl •i• at ml4-ra41wt on tba crcN• 
~at a 20.6 ~cent col4 ar.m om lrM:h 
41matAr nickal rod. (&LOO). 
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nouRB 79• RelaUOD ot tlm 9118 ot Sqjlre9-
MC11 (t,. dSunzd pJft1ll4 ~ un&lr 
»-ks lmd) to tb9 gnd.n as.. at mt.4-ndiua 
CD the cro.a-MCtioD at & 1'0.' per cmrt 
aol4 4NVll CDlt f.nch 4tmetar nickel reel. 
(sl.00). 
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15, 
at m14-rad1ua on tbe cross-section ot 20.6 (item no. 1), ~. 5 (item 
no. 2) and 6o (it.em no. ') per cent cold aravn Dickel rod8 ts sbawn 
U l'Sguree 7Jj. through 76. A. ecq,ar1 t1 ve atuc1¥ at Figures 7l througb 
7' and 74 through 76 shows tbat tbe 81ze of impreaaion due to a Brale 
unc!el' 6o-q load 1a awroximtezy &ruble that of the 41.am:>Dd p)'%'81D1d 
indenter uracJero a !SO-ks lmd. 9- average 41.ameter ot the 8t'ale 
ilzpreuion and tbe metal Warmed clue to S•ntation as seen u:naer 
the microscope 11ere c1eterm1ned vi th a ll888U'l!1.D8 eyepiece. b 
averap 41ameters thus determined tor tbs 20.6 (item J¥:>. l), Ju>.5 
(item oo. 2) and 6o (item no. 5) pm- cent cold 4ravn zd.ckal epeoJ""'D' 
.re o.~7", o.04&", and o.of+" respectively. In vtev ot the above 
obaervat1o:n, Rocll.wll bardma& 'A' 111988Ul'81119Dt8 at 0.1° 1DterYala OD 
!!iper:l!'utal l'ffW.u. Rockllell-A bariDeU valnee at 0.1 • 
1nterftla Oil the nMli1 OD eroaa-•ctiODS ot the three col4 c1rmm 
D1ckel ro48 (1~ l, 2 and') are llate4 int.able 11. Budmu 
nauuNll8Jlt8 at a cUatanoe ot o.~5 inch trca tbe t1bl'e al9 are &Lio 
recarde4. Plota at Rockwell..A 1-rdneaa vereue d1atrmm traa tbe 
ftbre Mia at the 20.6, 40.5 em4 60 per cent cold 4raVD nickel. aped• 
meD8 8l"e lbavn ill ftgures T7 through 79• Dlanrmd IJ1Z'llDld lm'4neU 
values tram tabl9 DX are alaO tn:U.cate4 on tmaa plote to am. tbl 
relative 4esl'ee at ~ 1c:atter. 
V&l.uee ot RockWUJ. ~- -..urmenta at a 419tmoe ~ 
o.~ 1ncb trom tbe ttbre as.. ... probab.1¥ tn eTOr 4ue to cJ.oee 
prcm:lalty of tbe ~~OD toward tm center CD the 
nauaa 74. Relation at tbe ld.18 ot lnpeaatoo (tor Brale 
1DISmrter UD&llr {,o.Jra lced) to tbt grain atse at ml&-n41.U8 
on the ~..at.ton at a eo.6 per oent cal4 arawn om 
inch 41azDltAr ntclDll rod. (z 100). 
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rJXJUBI 75• Relation f1 tb9 aiu of fJ:rp:'esalCID (tor Bnl.e 
ll'liJtmter uimr 60-ka io.4) t.o ti. srat.n •ise at mld-ra41U8 
an tbl crou-action at a 4o., per oent Col4 c1ra1m cme 1nch 
41 tor Dickel rod. (x 100). 
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rmtBI 76. · Balation al ti. liaa ~ tqnuto.n (tar Bra1a 
1lldenter ~ 6o-ks lod) to the snd.n du ·~ mlcl-iwU.ue 
CA tbe c:rou-ae.ction at a 6o F cent cold <lravn om inch 
a..ter nickel J"Od •••• (x lOOJ. 
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'l'ABtB xx 
BOCKWBI.t BARDMBSS VAUJI!S ( 'A' SCAIB-·BW.E 
Pl1ll!RA!lUl AID 6o-m LOAD) ON RADII OB 
~ at<llS-SECJ!IOllJ Cl 20.6 (ImM llO. 1)1 
40.5 (ITBM no. 2), ABD 6o (IBI no. 1>, 
PIRcmfll COLD DRAWN laacEL ROm 
Rockwell Jfard.ness Values--' A' Scale 
J>iatance tran tibre 
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a.x!.a (inchea) -20-.-6j-oo_W1_4r_awn __ 40_.~-co-J.d--dr-a:_:wn_6""--c-old_dr_awn_ 
0 49.5 s;.; 56 
0. 1 54 57.8 59.1 
0.2 54 58.2 59.8 
o., 54.1 58.2 6o.5 
o.i. 54 56.9 58 
o.45 52.8 56 ;5.2 
< ' :t"\ 
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210 ~ 
= 205 r 
• ~200 v 
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I '6--o- /' 0 
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• Rockvell-A 
:. . . 0 . 1 0.2 0.3 o.~ 
1)1atance trom tm t1l>re ui• (inches. 
FIGmlE 77. Variation in Roeltvell·A aDl d'8mon4 pyrud.d baraDIH (30-q) w1 tb 
dilftance trom the tlbre axi• at a 20.6 per cent col4 4".Wll one 1J>.Ch d1ame'ter 
nickel rod. 
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FICJURE 78. V&riation in Rockwll·A ant diamcmd pyrud.4 bar4neea ('0-Jcc load) vitb 
distance troll the f'ibre &Jd.• t4 a 4o.5 per cent col.4 drawn one inch U..ter niclral 
rod. 
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Distance trom the fibre azi• (1nabea). 
nmm: 79. vartatior:i in· Rockvell·A and d1amc>nd. pyra111.c1 bardne•• (~O-kg load) Y1th 
distance from tbl t1bre azia ~ a 6o per cent cold c1ravn om inch diamet.er ni«mtl 
rod. 
61 
6o 
55 
16.l 
same ra4tua and tbe ec1Ge of tbe sped.mm, and tberetare Ylll be dia-
carded. As seen in Figure 77, the bsrdness ot 20. 6 per cent cold 
drawn nickel rod (item no. l) increases t.l"am thD center to a distenoe 
at 0 . 1 inch tl"<lll tbe t1bre a.Xis. 11:> Bisnificant ctvme.e in har&:iees 
1• not.e4 w1 th turtbezo increase 1n cllstal1Qe rrca the center ot the 
spec1men. Wbereu, 1D ll<>. 5 (1 tem oo. a) alXl 6o (item no. ') per cent 
cold drawn Dickel rods hardneGs 1ncreaaea trcm a mlmnm at the center 
to a maxtmn at the m1d-red1us 8Dd then aec:reaaec aa the aurtace c4 
tbe rod 18 approached (f1gurea 78 an4 79 ). ~ abaw the ettect ot in. 
creastns 4esree• ot c:ol4 dra1d.ng on tbe hm-d.neaa at var:lous cU.atancea 
t'ran tba tilD'e us.a or the tm:ee riiclml ro4s (1temo l , 2 aD4 3 ), tbe 
Rockwtll-A hardness data tram tal>la JX 1'88 cait>ined and repl.atted in 
1'tgure 8o. AB e.xpec'te4, tl1e bar4ness tbrougbollt tbe arosa-eecttcm cl 
tblt c1rawn ro4 "1creUe8 Vit.b ~ degreea cl col4 drav!zw. 
b Yal"1ati.on at har4De• at clUterent 41ataDcea tl"CD tbt 
fibre ui• ct the a:rwa rods, u seen 1D rtsure So, 9hon t.mt tbe 
0014-works.Jl8 etteot 4ur1D& tbe 4rav1rte operation S• mt ~ trw-
1111 tte4 tbrousbOUt the Cl'ON-8eotian at tbe draft metal. b tact tl:at 
•Xi•• ba'rdneu 1• obeatWd at the m14-ra41ua 1r.141catea tbat tbe cold 
11arki.qs ettecrt 1• greatest 111 thi• reas.on. 'Dd.8 ts 1n caatand.v wtt.h 
tbe ~ cU.ttracttoD 48.ta on texture vnriatlm preaente4 1n ehllpter 
nu~ Vbt.cb abovs tmt CC1GWJ.ex aUp rotattCll'l8 at c:Jey9ta1a 4uo to 
~t1cn ar eaqpreaaw m1 tenatta etreues ill tbe out.er coo-
centrio rea1ona at tbe ro4 4urS.n8 tbe ~ cpraticn _.produced, 
1'b'UAt ._. u. IUl':tace ot tbo rod the Cl")'lltal rotat.10m are b1DJare4 
a.ue to t.laa ettect CJt ti. 41• -.u... ~ ~Wns a 1lllxlr 
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Distance trom the tibre us.a ( inabea). 
FIGURE Bo. The dtect tit 1ncreu1ng 4agree1 ot cold 4raVing on tbe bazodnees at 
varloua d18tancea troll the tibre a.xi• ot one inch diamter cold drawn nickel 
rod.a. 
pheM ot the problsm UD&u- at."ua;y, flDOU8b 4ata vu mt obte•nect to 
ju8't1t;y ~ attempt at carrelatins the obeerwd texture aDS hardzJea 
vm1.atioaa. 
b rate ot attack at actda on a metal 11 la2awn to C'Sepend, 
~~other thtosa, cm the &ZD>UDt at cold work to vhteh tba 
m9tal 1• subJectied. 'l!Jua, U tbe ool4-11trldJJB effect cm the crou-
aecticm ~ a dravn ro4 1a llCD!amdtani, reglooe UDl1arse1DS the peatNt 
8IDmt ot cold deformation V1ll be eelectiw]¥ &.uolftd by tbe ac14. 
!r!pr&tion !!! !tfb121 gt w:o-pSS•D!· fWO c1rcular 
apeoiMna, l1Jat tba z -rq 4Uc 1»9Ct.._ 4ilscriW 1a cbllpter YJII, 
wre •chined trca each at the 20.6, Jio.5 aDl1 6o per cent 0014 ai.n 
(item ... 11 2 mt ' ) cm iDcb ~ meal ro4a. b az IPtd-
.., WN 41.S.dilA into two Mta at tm. ~ each, the tm. 
&tgreee at col4 dNldn8 amiticmd abov'e beiJ2s repreeeuted 1D each eet. 
!he ~ WN •cbanlcally poliebe4 and etcW in CIXlC.*Utr&ted 
nit.no ad4. Qae 8et at apeMJWM 1181"9 etcbe4 fat.' tift lld.mrtea1 
1'bereu, tbe etcb:lqJ t1m tar the aeCOD4 ll9t ,.. 1.llcreU94 to ~ 
lllnut.n. !be etcbant vu ass. tate4 at ona...lllmite 1Dtenala. 
!e!!en11!1 relUlta. ~ al tb9 two .ta at 
spect•ms 4.t.ICWl-4 1D the pre¥tous 88Cticm, _. V1tb vertical 
ill•el-Uca, _.. 8bMl ill ft&UL"'N 81 ml 88. It 1• n1.dllnt tbat the 
Nte at cUuolut1cm at mt.1 1Jl tba outm' conoentrio recs,c:m at tbl 
r04a 11 ar-tez' tlaan tJasb a't central rtlliliOU• ftg\re 8J. lbowe tM 
ncum 81.. ~ or croaa-aects.on df 
ool4 dram one 1acb atwt4lr td.okel. rccSa. (etcW 
tar ' JDlmtt:ea :ln caoce.atrat:ed nt.tric MS.ct) .... aa. 
20.~ Cold Draw 
4o.~ Cold Drawn 
naua 82. crop~ha ot croaa ... c:tion ot 
col4 4ravn one inch diameter nickel rode. (etched 
ror 15 mf.mltea 1D concentrat.ed nitric ad.d) ••• xa. 
progre8&'1-we ~in depth r:4 ~t.ton ar the col.4-workllls 
ettect \dtb 1ncreas1na 8Z!Pmte ot cold~. With 1ncreaaed 
etcb1ng ts.me, regions in t1¥J Vicinity ~ mid-radius ar the aped.mens 
(PiBUN 82) abow 1nal'eaaed etcbUJa ot the netal.1 tn41~ tba't the 
4etarmation 1D tbeee reg.f.OM 18 greatest. 
~ at t11e centier, am at diatences ot 0.125, 
0.25. and o.~ tncbea traa the fibre mda on the crosa-sectlo.n ot 
20.6, 4o. 5 u4 6o per cent cold drawn om 1DCb diamter 11S.cke1 ro48 
(1term no. i., a 8Zld 3) vere !IB4e to determim ~ cy poaa1ble 
WriaUOD in tmir ml~ extate4. Simllar pbotaal~ 
at tbe center, mta-.radlus, and D88Z' tbe ectse on the cross-section ot 
tbe three lt.-. (ae>.6. 4o. 5 81:14 6o per cent cold aratm) were~ 
after QD9 b:J\r rumea'• at 400•, 60o•, aoo• am iooo•c. 
•crost:ructuN• at tbt center, llZJ4 at 41etancee ot 0.125, o.a, 
aul o.~ tncbee tram tbe ftbl'e mtle QD ti. c:ro-aectlon ot 20.6, 
!to. 5 ...a. 60 per cent col4 4ratm one lDch ~ nickel rods (it.. 
r:ao. i. 8 and 3) are ehown 1n PJ.gures 8', Bil aid 85 rupectS.vely. It 
1a seen ~ no et.antt1cant cbanse in tbe grain l1r.e at varioua epota 
on tbe croaa-MCts.on ot t111:1 one ot the three 1 tema marts. '1hJ8 1t 
eippeare that ~c etucU.es on the cross-section ot a col4 
dr&vn rc4 are not wu auttad tor detection ot 1nlnr>pneoua &lfor-
•t1on tlat l• Jmovn to occur 4\Jrtns the c!rav:tJ3g poceea. 
Fibre Axis 0.125" 0.25" 0.375" 
FIGURE 8';. f.ti.crostructure at various distances from the fibre axis on the cross-
section of a 20.6 per cent cold drawn one inch diameter nickel rod. X IOO 
'•, 
168 
0.49" 
Fibre Axis 0.125" 0.25" 0.49" 
FIGURE 84. Microstructure at various distances from the fibre axis on the cross-
section of a 40.5 per cent cold drawn one inch diameter nickel rod. ~ \OO 
.• ' 
.. -. ,, .. '
' . "' / -· . 
. . ~· 
Fibre Axis 0.125" 0.25" 0.375" 0.49" 
FIGURE 85. ~~crostructure at various distances from the fibre axis on the cross-
section of a 60 per cent cold drawn one inch dia.IOOter nickel rod. X roo 
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on the croes-eeation ot 20.6f la0.5 and 6o llC' cent eal4 4z'aWn om 
inch 41azmter Dickel rods (1 tem no. l, a a:o4 ') after om bom-
annea1 e at 1&Qo•, 600•, aoo• am iooo•c are 8boln in Piaure• 86, 87 
8D4 88 ft8.pect4 Yely. 
Aa MG 1D FigU.'ree 86 through 88, om hour enmel• st 4o0• and 
6oo•c 4o bOt pro4uce 8DIY' aisnU1cant cban89 tn tbe mlC!l'08tl'ucture at 
all tbree 1t.w (20. 6, 4o.s 8D1 6o per cent col4 dravn). cm armal'~ 
&t aoo•c,. item DD• 1 ( 20.6 per ceut col4 az.mm) c1oea IXJt ahav 8ZJ¥ 
l..V\. 
sratn rd!Mement (Plg\n 86), Wbereae, in item no. 2 (Jao. 5 per ce:ab 
cold 4ralfll)a noti.~le ref1D!llll8Dt of gra1na 1a ob8C"'nl4 after a 
(..I'\. 
•iml Jar anme1sns treatment (ftsure 87). O:ma1Gerable sratn ~ 
1o , .. m . ' (6o pu cent col4 c1ralm) u Ob8erve4 attar an aoo•c 
em!Ml, u wo lD ngure 88. Atta- .,,,..u,. at 1000•c, all t.1lrM 
itel9 (I0.6, ».o. 5 aD4 6o per CGt COl4 dnlm) aboV a ccma11Brabla 
COlll'•"S• or tbt gra.u am to aceaaift gra1n srovtb· Maawn'• 
aDl1141'*9 •hlpA etcb pl.ti lldtc.Uns tbe pre.ace ot (111) -
(100> p1 ... "~~ •t awrcm--~ z1.8bt ~ t.o im nlln 
me :lD the cold clraa ~ are a.n 1D cUttenmt sratm {ftsurea 86 
tbrOUsb 88). 
l'ICllll 86. -~ ot 20.6 per ~ Ool4 ~ 
d ..... ]eel CDI 1nch cU.iattiitr 111c'.kal 1"04. • - • •$ • 
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A. StllfABr 
A nev x-ra, 4:lttt'llct1an tedmlque tar pale tSsure <!atermSJ'lat.lan, 
which pend.ta car.,1-t.e pole ftsure ~with OnlT one 8Phm'tcal. 
x-r~ epeablm, _. ~. The thiclmne Of tbl ID9t.al 1-Yv 41•· 
~clue to mebitdns and. pollsMqt tt:a 9Pber:le&J. apectmn ... 
determlm4 by an $.•~ dUtl'aat.ton mstbod. 
n.tormatsoo ~ tn 20. 6, 4o.s aid 60 per cent ex>l4 araw 
om 1nch 41.amltet' Al$9l l"048 (t tem ~. l, a an4 ' reepectiveq), 
._.. ~ oD1 can"~iog polo fi6\ft9 were drl&Wn. 
A aritlcal ~an or tbe ~41\y at ~one ~ 
.a. tor tbe Cletez'IQtnattan ot pole t'1guree, dJ.)edaUy 1n the ca1e ot 
"' co14 armm mcJcel, ,.. lllR48. A new JDrttbc4 tor ~tie repreeenta. 
ts.cm ot ti. ~ a.ta tar aravn m&tala -. Pl"OPC•4. 
b ()tl!MIQ ~ CJAn mstbo4 ot det~ao texture ~· _. 
•1 m rw4 an4 Ul8Cl to ~ ti. pl'Ob8bJ.e or181A at 'tile t.enai~ 
~en, ant CO:ld 4ravn t.eltture ot ld.clml· 
.All z...rav ~ t.ecbn1qu& tar q.uantttattve Geterm:lmtiOD 
ot texture ftl'S.aU()n tn colA cSraw metala -.. &!V'e].Ope4 aid tba Y81'1a--
t1on at tature lJ) eo.6, 40. 5 an4 60 pezo cent col4 dt-avn ane 1ncb 
41amtez' Dicl:el. ~ (itAllll DO• 11 8 ~ ') WB8 determlne4• 
lill'dzle1e ~Cal tbit Cl'tl8'-Mat10D ot 9ll three it.ema 
(to.6, '°·' and 60 »81' cent cold drtMl) ..-e _,., ~ cm 
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the cross-section ~ tbe tbree 8.99cimens were also prepe:.red. 
lllcro&trueture st.udiea at vnrious diatanoes tran tbe fibre mcs.a 
cm tba croas-section of the as 4rawn nickel rod (items no. 1, 2 and 
') and al8o a.ftm' subsequent Nmea'U 118 at i.oo• I 6()o• I aoo• 8llS 1000•c 
,,... carried out. 
B. COICUBI<& 
'lbe preferred orientation 1n 0014 draw nickel can be lleoaribecl 
aa a double fibre t.exture vs. th lflfl am /J<Xj/ directtcmo aliped 
alons tbe tibre a'Jd.s or the c1rawn rod. i'be degree ot aJ1srmat at 
lJlg 41reotiOD VU mch gE-eatar than that of tbe {J.<Xj/ 41.rection, 
vhlcb ~a com11&trable am:NDt ot acatter tran tbe ideal en4 
cr:lentattcm. 
'1be coa.cemt.ratian ot Cu.&' cr1entation in the 20. 6 per cent 
cold 4r8llD Dickel (item no. 1) 1nC!reue4 to tw:tce as much Vith an a44-
1t1cm.1 20 per ~ increase f.n col4 reduct1cm. FtJrtbeie cold c1ra1Ds 
414 mt 1m::reue tm ca:JCentration cl ti. orientation to at\}" emcec1• 
able atent. In cantrest to tbia, fJJxjJ orientation 414 not ahN 81\Y 
a1gld1'1cmit c.._.. VS.th 1nCrea81nfJ cold work, hcr.ierer, a alight t.en-
6ancy fer 1ta 4ecreue at htabBr rec1u.ct1one .,, aatec1. 
tm ~ accepted 888\lll1tion, that 41stribut.1an or crlata· 
uaaa tar .,- one angle ot 1ncl1mtton around tbe fibre azl• 1• UDUanr., 
wa tourd to be 1Dearlect 4ull!t t.o tbe prelleIIOB or re81c!ml texturea s.n 
tbe etock ...-al. 1-4 t~ ool4 aravbs· 
b tuture WS.tbln tbl ool4 4r8lfJl nickel ro48 .. tomd to 
Ter:/ CQDd~, lD41caUQI that DCD-unitOl'll c111fcrmt.icm. occm"8 
lTl 
duriDg tbe cold draving process. b total ~armaticn vu touzd to 
1Dereue With ~ 418tlmoe trm tbe ftbre US.• alJDst to the 
surf ace ot tbe ro4a wb9re a allsbt decreaae vaa obaerved. 
cold draw nickel were &neloped. Sharpening at the [fl.g and [J<X)] 
textures in tho 20. 6 per cent cold drawn n1ckel (1 tem oo. l) ,... 
sbaw on ameau ns at 400•c. SimUar eharpenins at the two tezturiea 
in item no. 3 ( 6o per cent cold 4raw) vu obeerved atter 400• and 
6oo•c IU!J]Mle. J:Tawever, item no. 2 (4o.5 per cent cold '2rnwn) 1.n-
41cate4 a wee1ceni ~ of the cug t.exture and ~ at tbe 
IJ.orJJ texture OD anooaHng at i.oo•c. After amwUna at eoo•c all 
three 1 t:er. (20.6, 4o.; aDd (i() per cent col4 draw) abcNed a 'ftlr'Y 
oonaiderable wslrMrf rw at the CJ.J.il am /J.<Xj/ texturu. 
1!le ocmcentrat1on at /JJ..1.J am IJ.Oljf arte.utaticme iD col4 ar..m 
mclatl rods f1r9t decreue4 h'm a mut•n at tbe ft'bre us.a to a 
zidntm111 near the mt.4-re&.ua, &ad then 8bowd a a1:laht 1ncreue vltb in.. 
c:rea.n.os distance from the tibre axl.a. ~ this gemral trend cl 
OJ.atri.bution at !Jig t-exturc was reta'ne4 on annee''llB tbe col4 
4nlvn mtal at aoo•c, tba ccmcentratlOll at t.bia arientatiOll vaa 
dacreaaed almet to the point at emrlbilat1.cm at tm preterred t1ln 
texture. In contraat to this, tbe d1atrtbut1an ot M tAzture 
becolla• ranMn an armep11'll at aoo•c. RancSm 41etrlbu:t1an cl tbl ~ 
text\lr8 vu pro4uce4 only etter ezmee11• tb9 ool4 cSram rocSa at 1000•e. 
llrlr4maa en tb8 araae-aection ot 20.6 per cent col4 c!r81ll1 cme 
1Dcb 4iamter D.lcll:lll :rod (ita DO• l) inc:reue4 tl"Cll tba cexrter' to a 
4htaDca ot 0.1 iJlCb fl'(D tbe fibre ala. a> agntticut dW9 1D 
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be.rdne•• vu noticed ¥1th ~ 1ncreue 1n 4Utance trail tbe aent.ar 
ot tbe apec.1.aml8. Whereas, in 40. 5 and 60 per cent col4 drawn rob 
(1tea. DO. 2 &D4 3 reapective~) ~ 1nereued tram a J11ns-. 
at tbe oenter to a mu1rm.ms near the ml.d-ra4iu8 and then clecreued, 
u tbe surtace at the rod was approacbld. 
Outer concentrlc reg:Lou ot the col4 4ravn rd.ckel roci. abow4 
a annnw rate at c11•80lut1on 111 ccmcentnted zd.trlc ac14, lD41cat1ZJS 
that ttue reglou sutterect tbe nu1mum Woruation 4ur1.llg the col4 
c1rav1D8 proceaa. 
llo espsttcaut cM:nse s.n the nd.croetructure at vu1.ou.I 41a-
t.Dce9 tree tb9 tibn ui• cm the cro1•·18cticm ot ao. 6, lao.5 an4 
6o I*' cent aol4 4ram Dickel ro4a (it.. no. l, a mt ') wa ob-
---'· ·~ 1D41c&t.e4 by &twlo)mat ot equ1al4 
tine sras.- 1n tbe 9tal - obM1"'ftl4 on •nne•''na the tine l'oU 
(1 t-w IJO• 11 a aDll ' ) at eoo•c, vt.Nu a 1000•c W""M' re.ul.W 
iD ~ aP'&iD srovfl.b• 
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APPDI>Dt I 
I-BAY ~ C. ml 'JmCK}CSS r. l£TAL 
LAXIR IU1I110 MA•:HtlllG C. 
During achin:I na at a metal the cuttillg tool produce• ccma14er-
able d18tcrt:lon am. tragaentation at cryetal graS.na in tbe l\ll"tace 
~. Back-retleat1on x-ra,y pbotograpba at 8UCh a surface ahav a 
bro8Mn11'8 ot tbe l1m8 ar dittus1on at the 41ttractlon spot•. B,y 
etchiJW &1'1111 SOCCltU1ve ~·at tbe varlce4 surface, z-~ pbato-
~ ~ to tbe CODU.ticm at ti. Jll9t&l at ft1"1.oua deptba 
can be obta1m4. VbeD tbe ~bed metal 11 ccmplat.e~ etcbe4 ~, 
DO f\rtJmo cbenp iD the 4ittl"acUCD patterna 1a obeei tlicl. 
th1• z.r-.v tecbnique does not att.ractarUy vork Vlth col4-
warkil4 •tala, u tbe1r dittraat1cm patt.erna abov a non-unUcna in-
tezmv ot llm• 4ue to preeence at preferred crtentat.s.cm. 'l!>ougb 
tba depth to whlch a mt.al 1• 41etutbe4 4ur1Dg aacbS N• cSepm4a OD 
ita previoue state (co14 varked ar ameale4), a~ W"'••'•tlon ot 
the tbickneea at tbi• la1er 111 a col4 warlm4 lll9tal cam be mdie by 1ta 
lllUUNll9Ut b tba azmeale4 stat.e. 
AD ,,,,...194 Mll)le ot 40.6 lJC' cent col4 dnm:1 nlclml (1tc no. 
a) _. 8ubJect.e4 to a ailllla" mcMntns operation u tllat 9111>lo;ye4 
tel tb8 p:epcatiOD ~ t.bt X•rtQ' 4S.ttractiaD apectw. Back-retlec-
UOD .,_rq patteru at the aurtace .. mcb1m4, and after etcM DI 
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&V8¥ succeauva surface ~ were ob+.&inect by convent1oml matboda 
vltb cobalt ra41ation. Beam c11ameter at 1. 0 1111 am\ tum.specimen 
41atamoe c4 5 cm wa useo.. At '5 k.v •. ar:d 9 m.a. current on the Z-1"8¥ 
tube, a ,_lxnlr upoaure vu required to obtain eatS.atactory patterns. 
b etch• ns 10l.uUon U8e4 cona18te4 ot tvo pa.rte ~ vol.ml at vat.ezo 
aDl ODe s--t by ~lume ~ concentrated nitric acid. 
'1aUN8 8t) tbl'ougb 96 abaW' back-retlect1on X•ra;y patt.erne trm 
the ea aeh1ne41 am after succeaa1ve etchb2s ~at 0.0000, o.QOOCJ, 
0.0016, o.cnu, o.cm6, 0. 0031 and 0.00'4 1.nchea at the surface ot 
tbt ~. It S.e seen that tbe degree at <littuseness ot retl.eets.on 
e,pots &..~ aa eucoeea1ve l.qer8 to a ~th at o.~ incbee are 
etcW aay (ftgurea 89 t.brousb 94 ). ~ etcbS"' at the mtal. 
doee mt pro4uee Bil.)' chansa in ti. ~ d reneottcm apota 
(ftpe• 9, and 96), thus abov.lll8 that tba tb:l.clml• ~ 9urtaae laver 
c11atur'be4 b to tb1a specs.tic macbSn1J18 ope!l'&ticm la ~-tel¥ 
o.OCJQ6 lndJel. 
ncum 89. BMS·rdJ.eetion K•rtq pattern 
ftim •cb!nac1 rd.ckal. (Co ra41at1on). 
nanm go. Badt..ratlectton ~ ~Uinl trm 
macM.., n:t.ckel after etch'•~ o.ooca f.nch 
ol the eurtac:e. (Co n41atiCD) • 
n.cD1I 91· Baek-retlietion ~ pat1*"tl 
tram rach1 ne4 Dickal afta- etcM "8 ~ 
0.0009 1ncb r4 t.ba 8urtUe. (Co railiatlon). 
naum 92. Back· retlect.ion x-ra_.v pattern rran 
iach1ued nickel after etch111& ~ 0. 0016 1nchea 
ot tbe 8\D'face. (Co ra41at1on) . 
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FIGUlm 93. Back-retleation x-~ pattern tram 
lJBCbined nickel. after etcbing 8vt\V o. OCQl 1Dch 
ot the su..~ace. (Co radiation) . 
19J 
nouBI ~. Bact-retlect1on s-rq pattern fl"Ol7l 
aeb1ne4 m.ckel. atter etcbj D& .,.._,, o.0006 1nch 
at tbs aurtace. ( Co ra41.atton). 
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nmm 95. Back..retlect.ion x-ray pattern tX'Ol:l 
•oh1.Dad nickel after etcld.J:lg 0.0031 1.neh 
ot the aurf&Cft. ( C.O radiation) . 
193 
rtamm 96. Bat:ll·~lectJ.on x-1""1" pattern tram 
m.cbtnecl Dickel after etcbir:uJ a-.v 0. 0034 inch 
of tbit eurt~. (Co ra41at10n). 
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APPEBDIX II 
A ' spherical specimen llrJ\JDt1 was developed tor uee in the pole 
figure Btudies conducted. Becauae a spherical sped.men 1a enployed, 
tba intensity ot reflections ~ be plott.ed direc~ on a atereo-
gr~bic net without geometry or absorption corrections. Par C001>lete 
pole figure coverage v1th om d1t'tract1on apec1.Dm, two mutuaJl¥ per-
pelldicular axes of rotation are requ1red to vary the orientation ot 
the spec1mfm on the x-r~ beam. One axia 1a deflmd by a eyl1ndrical 
•tem appended to the apher1cal apecimn. Thia axia is usually a 
pr1nc1pal 41rect1on ot tbe specS.mn, u for example, the fibre axia 
in a drawn rod. The second axl.1, which 1• perpem1oular to the tirat 
axis am ie parallel to the apectrcxnat.ar axia, paaaea through the 
center ot the spherical spec1mell. Par eU;>lieiey, the axis whlch 
allon angular changes aroUZld an.y ot the concentrS.c latitude ci.rclea 
1n tm polar net arawn on tbe proJeotion pl.am v:tll be referred to u 
tbe m.e ot rotation. 1tM! m.a Which allow aDgUlar cbl:mgea vbich 
obange tbe diameter at the concentric latitude cireles v:lll be 
retterred to as the azia of revolution. S1m1larly / t~ cox xespond.1 ng 
anglea v1ll be re.f'erred to as tbs anglea ot rotation (o() and re-
volution(-) respecti~. 
b aplwrlcal tptc'•n mount comtllte ot the follovlng tour 
maJar parta. 
1) Tm llDUDtiDS et.aDl1ard 
11) b bue qull4nnt 
us.) '!he sre4Uat.e4 Metar 
1 T) T!Ja 1P9cimD bolder 
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!be IDIDtlns 9tan4ard aD4 ftl'10WI COIJll(W»llta ot the • apberlcal 
>-v 
tspec1mn munt• _.. abovn in PJ.aurea VT amt 98, Vbexw, 8' uenbl.ed 
vs..v 1• pftll 1n ft8\JN 99. Tbe mmt1.Dg ataalerd COl1819t• ot a 
eyllnb1.cal at.em (l) pruae4 into a bra88 41ac (2). Around tb.1• c11ac 
to tb8 locatS.Ds p1D an tbe apect:rcawter bue. !bi• riDs can be ro-
tatecl ~ tb8 bnM 41ac am ean be t!ad in ~ poe1t1co b7 ... ne 
at Mt WW ( 5). 'Bd.a arraDQ111118Dt pend. ti tm cat Net pold:ttonj qi 
of tb8 l!p}mi.oal•g>ed._, l2D\1Ut OD tba X-~ 1P9ctrcmlter. 
b bue ~ (6) ia lllOUD'tA4 an 'tb9 ~ atan4ar4 -
rtrt• tbe braes Uac ot tbe m:>uat.1.Ds 9t.aD4a'rd to tb9 bue ~ 
VJ.th t1IO -cMm •Cl'ftll OOUDter8UIJk into tbe bru• cU.ac. 'Die lJPPU' 
8\ll"fw ot t.i. bue qua4raDt 1• fttt.ed VS.th a 'rwolut1on axt•' P''89• 
ma pup canaiata of a ptn (7) munte4 Tertl~ cm a allda (8) 
Vhicb 1n turn 11munt.e41D reoe•eecl 1'Y8 (9). n. ~ la cal.1bra-
te4 al~ cme al tbe ~ (10) aD4 the indn mark 1• placed on the 
U1JPC' llUl"fW of tbe alJ.c1e • 'J.'b9 oezxtC' ot tbe pin (7) la al S gned V1 th 
tbe Gia at l'ROl.ut1oD at tba spberlcal ape<d•a. 
Alcaa t.be ld't band edp ot tbe bue ~ la ID.1llte4 a 
lltop (11) Vhlch n..a tbe poaitlOD ot ta gn4uat,e4 •ctar ('22) 
Wbleh s.a IDm1*1 ovm.- tbe p1n (7) ~ l1H an top ot t.m-.. ~. 
AD ~ aarev (l') lllCNlltec1 tm'ou8h a bola 1D ta. J.ett ham edp 
i'ICJUBB 97 • M:>unt11l6 1tez>dard at the 
' 1pberlcal epedmell JmU11t ' . 
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98. Dl)lJDt'. 
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ot tbe base quadrant and threaded into the •lide ot the ' revolution 
a:d.•' gauge, aUovs tbe pin am thus tbe a18 ot tbe revolution of 
tbe spec1D!m to be Mt at a distance equal to the radiua or the 
spec1man1 trm the path of tbe X•rt\Y bema. 
Tba graduated. eector is 41Vided into degree• along ita d.rctm-
terenoe. 1!he specimen holder consists or a baae plate (14) which 
mounts on tbe pin ( 7) on top ot the 3%"aduated sector. An f ndex edge 
( 15) io machined on the outer edsB ot the bue plate to 1Jldicate tbe 
angle ot revolution f; on the graduated sect.or. A bearl.Dg atond ( 16) 
1• armnted on the baac plate Vi th acreva ( l 71 18) paas.1.ng through 
dotted ho.lea on the bottom of the at.and. 1.bi• perm1 te al 1 gnmeut at 
tbs &:11• ~ rotation in euch a ~ that it paaoes through the axia ot 
revolutian am aleo tmt 1 t biaecto the angle cont.aiDed bet.en the 
inc14ent and the 41ttracted beam Vben the specimen boldar 1a aet at 
fl • o. In tb1• bearing (16) s1ta a aleeve, to tha outer and (19) of 
Vb.1.ch 1• attachtci a flexible abaf't 4riven trom a motor roountecl on a 
lep&l"&te base. A stem machined on tbe spherical specimen (aJ.) t 1ta 
. 
into the other end (a>) of tbe aleevu am. am be tixed in acy longt.-
tud' ml poei ti on w1 tb n set screv. 'lbe speci.men bolder can be lockecl 
at 81\)' dea1.red angle of revolution by meana of •c• cl.al:J:W (22). Figure 
100 aboV8 the ' spherical aped.men mount ' 1n operation on en x-ray 
clittract1on apcctromter. · 
'1'be spec1.men bel4 in the spbertcal spec1mlm DD\mt IDf\Y be given 
tiv. 1~ DDtlona. Par tbe1r esplanatlon 1n tbe deacriptlon 
on 
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below reter to nsurea 98-· 99 on pages 198-- 199 and their~ 
numbering ayatem. '?.be ttve indepenMnt mttons at tbe speciJ:en are as 
tollowa : 
l . It rotates tbrouSh an angle e about the vertical spectro-
meter ui• aa tbe Geigar counter arm ia rotated through 28, e· being 
tba Bragg tmgJ.a tor the ~ at plama under 1nveat1gat1on. 
2. The spoc:ime~ can be moved li•arly aJ.ons tbe US.a ot 
rotation ei tber by alicUna the stem ~ to the apeci.men in 1 ta 
bearills sleeve (20), or by m:JVi.ng the ' revolution axia gauge ' in the 
receued ~ (9) pro't'i.ded on the bue quad.rant ( 6 ) . 
3. Lateral ~tot tbe rotation m.a ot the specimen 
( d8t1Ded by the &ld.• at i ta stem) ~ be achieved by adJuSt.Uls the 
posit.ion ot the beariDG at.and (16) on tb9 baee plate (14). 
4. Rotation ot the spherical spectmn lll'O\m4 the rotation 
axia &afl.ne4 by the stem a.xis at 'the specimen. 
5. Revolution ot tbe apberical spec1ll:an around tm revolution 
&Zia detinecl by tbe perpe.nd1cular apectranat.er axte. 
Some ot the above mentioned n:>tione are neceaaary tor Bl.igmmat 
ot the epberioal apecimn on the ' epbm1.cal. apecimen mount ' bef'are aey 
muurement at preferred orientation 1• nade. 
Altp!'nt 2[. !:!!! !I>!m1.cal !p!cimen• 'lbe aHgmmtnt ot tba 
l;Oberie&l spec1men oaip1.•a the tollov1ng atepe: 
l. 9- &1d.a at revolution at tbe epeeimen 1a aet at a dietance 
equal t.o tba radius at tbe apedmn traa tbe path ot tbe x-~ beam 
b7 a4JU8t1Da the .U.Ge (8) 1n tbe ·~· (9)1 u accurat.eiy u the 
ce.l.1brat1on (lO) voul4 pemtt. Dd.a po11t1on ot tm revolution ax1a 
1a tempmari~ ffad by me•na ot tm ad.Juting acrev ( 1'). 
a. ~ a:d.• ot rot&tton 1• tbm m4e t.o 1Dtereect the ax1a ot 
rnol.ution an4 aleo biaect tbe atJgle 'betleeD tbe 1nddent and c11.f'-
fr&ot.e4 x-ra-v -.... Dll• ta 4one by nrat ll&ttins a cl1al 1Jrlie&tar 
p;uee on tbl llP9cbu aul"faee, vi th the QeC1men bolder eet at -
eQ.ml.a aero. '!be ~-n hol487 ~· then revolved tbrou8b J.So•. In 
ardllr to obtain the - reading m ta 41&1. iDUcatar _. at 
both p:>ait.t.cma, ~are m4e by mama ot 1crew (17) an4 (18). 
' · Aptn, US1n8 tbe 41al 1ndicatar1 tb8 epeaSnwn la accura~ 
oersWre4 OD th9 re'f0lut1.on uU b,y al.141IJ8 the epec1Dml 8tem in ita 
~ elMft ( IO). !be poe1t1on t::4 the spec1man la then ft-4 b,y 
a .et acrev. 
4. !be ftmJ. poa1tian1"8 ot tba 9P8dmn 1n tbe x-~ bem 
la then ~Ue!w4 by turtmr limar ~ ot t.b1 epec11Mt\ 
aions the rotaUon us.a. 'lh1• 1• 40Dt by ol>9erv1Ds tbe potlltion ot 
lmiY' ~ peak 1D tbe 41ttract1on pattern anc1 84Juats.ns tbe 
apedmn by .m.ng tm 'nrvol.Uticm al• P1JS9' 1n the rece-4 """9 
(9) after l.Doelmna tba aAJustUs ecrev ( 1'), until the 41ttract.ed 
l1Da IH*ll"I at its prcpez" 28 ftil.m . '!ht• QI va.lue ot tba eel.ecte4 
l1ae 1* kt&idnecl b1' mld ns a ~ ·~ 41ttraot1cm pattern trail 
a flat 11P9d•» '1 the mtal. urXler' s.nvut1pticm. 
b t1ml a:tta:ne4 poll1t1on ot tba spea1mn 1• tl:ml t1m4 b7 
~ tm ~ acrw (1,) • 
.. ~'· · 
IV, ~lete ~ ar a pol.c figure can be obt&\ine4 by~ t.bc 
intenli ty ot reflection from the tamlzy of plane• UZJdsl" 1nveat.1sat1on 
at various o\ and - lettings at the ~cal apectmn. ~ 1n 
the poeition at the dU'tract1llg plane DOl'lllLl on the pol.a?' net cor-
respoll41I1S to chuge• 1n the orient.ation r:4 the specil:l)n are ahawn 
in l'igure 17 on paee 45. War tbe apedmlm Mtting at fl equals zero, 
oonatant intemity ra41D6fl aboul4 ocour on rotation ot the apecimtn 
aa the dittractlna pl.am narmJ. llea alollg tb9 uia at rotation. 
'l'h1• 1Dten81V reaa1ns correSl)01lda to the center at the polar mt. 
It ia eui~ uen tbat a 45•, COUDter·clockvi• revolution at ta 
QeCimen, u one loolra daVn on the epedmn, sf.vea intenaiV read1na 
corre~ to a point 45 • to the riS)lt af tbe center at tm polar 
net. Keep1Jlg tbe angJ.e ot revol.uUon t'U84, a '°• cl""*"1.ae rotatioo 
at ti. ap9dmen, u one look9 to'lll1"da tm z-ra.v tube, cauaea a 4o• 
counter-olockv1• lllJftlmlt on the 45• latitucte c1rcle on tbe polar mt. 
'l!D.18, 1t a spec111ml 11 reTOlvad. p• counter-clockv1• and then rotated 
about the axl• ot rotation, auccealiva readinp along the circumterence 
ot tbe f>• latitude circla are obta1'*1. 
1bt orientation around tbe fibre &Jd.a in the ideal cue ot a 
cold "1'atm rod 1• auppoae4 to be randan. 'Dlua, an aver-ee ~ at 
the retlact1on inteDaity tor aey latit\de c1rcle S.1 olrtaimd by 
~ at 10• latituae 1ntarval.s. U ea. area ot the pole figure 
warrante 1DCNa8e4 ooverege, 1t 1• -~ clone by uain(J Mtt1np at 5• 
latl t.\dl 1ntarval.s in tm.t resscm. W1 tb tbe apec1mlm rot.at1Jl8 coatln-
~, 1Dtenalt1 .. at a ntlect1on and lta ~tor clittereut fl 
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eetti.DGs are obta.t.ned by rumd.l2g the Geiger counter a tev degrees to 
cover tbD &tlgl.e at vh1ch tbe reflection appeare. 
6.llt mt.em a 12!! t1AUJt! ~tlcm ~ ~ armm nickel. 
Sta'0"8r4 all t eyst.em .., uaea tor the 6et.erminat1on ~ pole naures 
ot eol.4 drovn nickel. To mt "'nd r.e the 'baclf8roUZ¥l 1utenll1 ty and. t1¥! 
eurtaoe area ot tbt ~n irra41ataa by the Z..1"8¥ beam, a mall 
tube allt (0.075 aant:imter) vaa ~· Aa tbe 41ttraction l.1Dea 
ct n1ckal. are v14el.y 8epll'8te4, a Wide alit O?l tm Oeipr counter was 
U8e4 t.o obtain retlect1ona ot eat1stactm;oy int.enai ty. 
Pl.ottipi 2!, !!!, !!1!• Aa tbl! rotation or revol.ut1on of the 
apedlmm Cloea not brSJl8 a.bout sey chaDge 1n tbe clittract1on georuetry 1 
no intenaity correction is required. niua, tm data on ratlectlon 
1l:rteu1 ttet n.,-y be plotted directzy on a polar mt. 
!be 1ntel'la1 ty cant.our system tor preaenting tba data 1la8 Wied ill 
th1a tbeaia. b me:drmn reflection 1Dtena1ty tram the plane unc1ar 1.n-
wattsat1on 1188 taken as fifty unit.a and all 1ntens1 ty values wre then 
~-ae4 1n terms at this base. 1'be intena1 tv' contours were deeiana1B1 
aa toll.an: up to ten um.ts--11 eleven to tuenty--21 twoney one to 
tbtrty--31 tbirty-ona to forty--41 and t orty-ooe to n.tty--5· 
Detierminattan 2! ~ diatributioll st ortentatioll& £5. a !?.!!!. 
gto 2! !8cllnat1on around !!l, fib.t'e !!!:!, 2£ ! armrti ~ At ~ 
st,ase ot tbe drav.tJ:ia process bet01'9 tho 1de3l. end or1e.ntat1on ie 
reached, tbe 41.atributlon at ~ W1 th favored dlrect1on {the 
clirect1on tat tAm1a to al1sn 11-lt al.ems ti. fibre axis clur1ng tm 
4ravf..n8 proeeu) at any cme &1lg.1e or incl1mticm. aromJ4 ti. fibre ale 
1• upeat.ed to be unuarm. ~, clue to t.ba reat~ t-axtura t.hat 
lll1sbt be pretent 4\11 to pN'lious col4 vmid.128 ot tlm lltock natal used 
tar ~ a vartat1on 1n Wa 41str1but1on 111//i;f be mpect.ed. 'J.'ba 
41atr1but1on ot a tavorcd ~direction tar variou.G mlglee ot 1n.-
c:tlllat1on lll'OIJD4 t.be tlbra axle ~ a col4 4rawn mt&\. 1n the cubic 
i 
81S ~be cJatenld.1'l84 by 1118U'..r1.IJS tm 1ntemit:I ot cmez•eponl:lna 
(bkl) retl.ect1ona tor various NW!Jes ot rotatton o( am revolution fJ 
ot a ~oal &-l'llf 41ttnCt1'm spedmlm. 911 ~ire uae4 tor 
enannj ns tm 1Qtlber1cal. apecil::eD ot cold cSrawll nickel. vu aa :toll.on: 
.A:tte1" proper al S-ga»aut at tm ;pec1Jmn 41acuaaed in a 
prev:tma •ot1cm, tbe ~ 1Dten81tyr am tm &qlle (•) ot 
,.,., •• f.nteam:~ tra (W.) p'•rm wa CSeterm.mcl by cu:mt• tba 
bel4 •ttal»l7 at tb:la ...iua ot tmaJ.e et. W1tb the ~ bel4 
aooatant at 10• 1ntar9ala at ;, tbe Qecimn wae s-otated at a ISH! 
'ht 
ot 5 rpb.. 1he rot.atian ot the irpecirml 1Mll ~ 1d. t.b tbe 
ti:. nm at tb9 epecSnen anl ita ~ ai.eve were 11&118 to oorrea-
po.nd to zero desr-a rotat1cm at tbl ~· Jtar ~ fJ ~ 
tor tour mtea Vl t1l:Rlt rota.ts.cm ot the apec1men to record tm 
var1nt1oD 1n lntena1ey reg1at.raUon due to 'tbe 1ll8trUm'mt it.ult 1 and 
a l'Ot&t1cm at ~· .. stvan t.o tbo • l-N1 ~ 
cbu:W thl.- pxepe:Nd tor • 8pl:lerl.:L llJ9c1min at (Jo pel" oat ool4 
ax.m Di (1 po, ') are tb:JVn in l'1gun) ~ on pep 8'. 
§a:Iple calculet1one !5!: reyi PDD ~ variat1an ~ !!!?. 
specimen aott191 !, ei'!'1' §£:• ftrat, maximum percenteee 'ftriation 
in ntlects.on 1Dtemli ty recorded 4ur1JJS rote.ti on at the aped.men 
ta calculated. 1bia value 18 then corrected tar wriatJ.on ill int.en-
atty ~tion aue to the illatrument itself. A aaq>le calculation 
tor tbe apeciDen sott1J:lg fl equals so· ia &i ven below. 
a) Mm1nm Im on the cbart--------2. 75 intens1ty uni ta 
Mln2n1u Im on tbe cbart---· ---0.85 intenaity \lnite 
Averase Im for f,> equal.a ao•----2.75 + 0.85 
2 
• l .8 t.ntemi. ty um. ta 
a + 0.95 1nteuity unita 
-
Na.'dnn ~ variatiou in Im ··-----~:f z 100 0 52• ~. 
b) 'J.be mar1111n ~variation 1D llll ror tbe 1natrumeDt 
can be calculated 1n a m nd lw marmn.r h"Otll t.ba portions ot tbe charte 
~ on tb9 ridht baDd aide al tho vertical line di-awn at o( equal.a 
Hft>• Thia value 1a toum to be lO.~. 
c) ftma, t:rom (a) and (b), the net var1at1an clue t.o rotation 
ot t.be specimen ia: 52.7 - 10.2 • ~.~. 
X•RAY 'J'BCBlllQUB l'Clf m:.mRMIBNl'IOI <:. 
Bl'!ftlll VARIATI<ll D c:at1> IlWnt RICKIL Rem . 
It w abovn 1n c:bapter VII, that tnbormgemoua c!etormat1on 
ot tbe mtal occur• dur1Jls the cold arav1.Jlg prooeee. Aa a reault the 
dld'ormatloc texture variee s.n dU'terent conc.tntrtc reg1oll8 around the 
tibre .n •• 
b 4ra1nS t.ature in rd.clml. can be described u an al ssment 
at /Jl}] and ff."1/ cU.rectiom alcmg the fibre meta. 'ltm degree or 
tbil •l t 11•wnt a.pmta upon tbe mmt at col4 detormation procluce4. 
b (lll) an4 (100) pluea, be1JJg ~cW.ar to the /Jl}] and 
IJ.01$ 4ll'ect1oz:m reapect1valy in nickel, lie 1n a pl.am perpendicular 
to tba fibre ma ot a 4ravn rod. '1hm a quaat1 tati ft c!etermlnatlan 
ot t.m ....natloo iD texture can be llBde by ~ tbe lll and 100 
ref1-ctlan i.nt.emll tie• tram varioua concentric regior.ia on the crou-
eects.on Of tbl r()d. A apec1 nm mmt, cal led bereetter the "Dl•c 
llp9C1mn IDmt •, vu constructed tor tbt• purpoae. 
part&: 
l) the llrlUDtlQ8 8tan4ard 
Q) the altgUMl•t .. eembl7 
') the ~ )X)l,,.,. 
Die bott.c., iw- and front v1ft8 at tm •m.ac .-cs nan mount• 
are aholm in Figures lOl, 100 em 10'.5 reapeot1 vely. The romting 
standard consists at a at.em ( l) pressed 1nto a bre.sa disc ( 2). 
Around. th1a diac 1• a concen'tric brus ring (') provided v.l.th a bole 
( 4) corresponds ns to tbs locatills pin on tbe apec:troml!rt.er ba8e. 
'l'hie rlllG can be rotated around the braH cl1ac and can be t1xed in 
an;y poai:tion vitb a aet screw (5). 921• arrangement pend.ta the 
correct pos1ticming at the J>1ac-Bpec1men M:>unt on the z.,r&iY ISpectro-
mter. A rectangular base plate (6) i• m:>unted on the braaa Mac (2) 
vi.th llBCbtne acreve CCUDteraunk into it, 
The aUgrmwrt aaaemb~ consists ot three 4ave·ta11 rams,. 
alidea. '1be base alidll (7) 1e Ul)t.1D'ted on the plate (6) and boa a 
JJal.e 4ave-taU llacld.ne4 on each a1ae. Thi cent.er alida (8) ia a 
teml.e dove-tail to tit the male &we-tail (7). This prov1Clee tbe 
meane ot lateral mavement on tbe base elide ( 7). Thia z:rwement 1a 
oontroll.e4 by an ~ acrev (9) f'aetemd to the aide ot the 
teaie allde (8) by maana ot a thrust bear1ns ud aereved intc:> the 
baae alide. 1be temale alide can be lockad in 8ZJ¥ latAtral post Uon 
on tbe ale elide vitb a eet ecrev (lO) on the back of the tem1e 
slide. '!hia lat.eral d1apla.cement at the temle ali4s cu be 1:J!UUre4 
VS.th a scale (ll) marked on ti. trant aide ot tb1a alide and an index 
mark on the top at tbe base plate. OD the ~ surface at the femJe 
1114e 11 ach1ne4 another female dove-tau. elot at 90• to that on 1te 
bottan. '1bl top male elide (12) i• ts:ttecl atm1lar to the be.- ma 
lllde 10 tbat 1 t 111aea tarvard ad backward in the female alot on tbe 
auae ( 8). The tarva:rd and bacltvaJid nmement, ae 1n the cue ot tbe 
lat.eral movement, s.a acatrol.l.e4 by aDDtmr adJua~ &C'ftlf (1') and 
PlOiHi 101. 
' . . 
Bott.ca view at the D11c-6pecd.men lbmt. 


can '8 ~ 1A ~ &ttt1n4 ~tian Vltb anotlm' Mt earev (14). 
n. •cS.mn boldlr ccmiata ot a bw'1ns (15) am JQurml (16) 
atteob# to t.blt top 81149 (:ta). i'o tbe beck eDl or ti. Jourml 1• 
attacba4 a flexl~ llbart vbloh 1• c1riftD wtt.b a mtm- mmi1:ecl on a 
..,..... ~· Into tla trout Pllil"t ot tbe JounJal tttt a llmtt (17) 
wb:Lch ta profta.4 1d.th a tam-plate (18) onto 11btcb tbe tlat s,peeimln 
Cllll be tutmal Vlt-11 mv kln4 ot OFMlt. l'hi• ebart can be ft-4 in 
the Jourml. in MS¥ Nqu1N4 JJmait;ntHm) potd.Uon Vitb • eet aerew (19). 
ftaure lot. lbDn tbl •m.c ~ !Dmt' 1n opwaUon cm an x-~ 
41ttrac:rtion ~-· 
b ~ 41•c tplQ.1.wn 1-14 in tba D1•c llplC:t.mn mmt 1111¥ 
he aiftn rour ~ mt.t-cma. I'm" t.mir 4191.,.Uon 111 the 
6Hcr1pt1oD below Ntwr to ftSuN9 l.Ol.-3.0J, cm 119P• aJ.0.212 ena. 
tbeir~~~-
1. It rot.atee ~ an lm8l8 e aboUt the wrtie&l ""8ctzio-
•ter ul• u tba Cld.8B° counter cm 1• rotated tbrouSh 21, • bW1g 
tm 1r11g aawta tor tM r~ at pJ.ama mder' ~tton. 
a. Botatton or tbl ~ lll"Olm4 tba m.. at tbe 8bat't (17), 
.id ........,.. •''9'1 the ata ot rotation. 
,. l&1i8'l'&l. ~ ot tbl rotaUcm ala at tbe t9pKd.mln 8'Y 
be ~ b7 • lateral 41...,.._.,.., at ti. cent.er all"9 (8). 
~. b aped._, a.o &l.ao be llm84 Uaearq alCWJS tbs ala ot 
l'OtatlOD .ttlm' b7 auasiw tm abaft (17) ln ta Jourml, (16) or ey 
a tm-"' u4 'Uk'Wd D:>tWt ot tbe top al1c1e (12). !bl.a J.ut. 
.,, , at s.1 raeoe11WJ t'2 aJSCl'dt11 tm sped.men s.n tbe s-nrv--. 
an 
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Detore 8XQ' &·~ 1Dtenaity m&UUl"8D8Dt8 are mde, al1gta•nt ~ 
tbl epec1 men 1n tbe tncl<lent x-ra_y beam 1a oece11Sr;Y. 
Alisament 2£. !!!!. ~..sen. n. disc sptdrmn ta t11:ec1 
~ OD the face plate (J.8) With ats:f mtal ~at. A rough 
~ to br'J.ns tb9 X•J:a¥ apectmen 1n tbe X•l"llU bMl:1 oan be IDlde 
by a u,,... J:l7ftDllmt ot the 8llltt (17) 1n the .10Urnal (16). l'be 
of . 
t:lnal. poaitiODinQ~tbe apecilllen in the X•re;f bemD 18 ti.11 ~l1abe4 
by turtblr ,,,..r ~alms tbe as.. at rotatioD. !hi• 1• 
&.. by o~ the poeition ot arq atraag pmk 1n the 41ttractton 
patmn and aAJUfttna tbs SJ>ecf.mn b;r a torwz-4 and harkard mt1an 
ot tbt top lll1c18 (li), uatil tba 41ttracte4 l1DI eweara at i ta prqMll' 
• ftl.ua. 1!4• -.vai. at the ..i.cte4 11.m 1e a.tel't11lna4 by mJc1 ng a 
staoSl.rd x-rq 4:lttractS.cm pattern ot tbe llMtC1mn being atu41ed. 
Thi fiD&l &1181*1 poldtlOD at tht apec1mlm 18 tmn n.4 
by Usbtentng tbe •t 8crew (14 ). 
!Y,! ~ !S!: !11!!\Y 2£. ~ Vllriats.on !! ~ dnmn 
nt.ckal. Sten'ar4 .Ut e;vatem <1 tba x-~ cU.ttraoUon epectrcmet.er 
"88 uae4 tor the ~tat l1m intAmaitiea. tlhe .-neat x-re_y 
tube .ut ( o.<rrs cmt1mater) ,.,. e111>1Dy94 tar the varioua nickel. 
81J8o1J:lme ant tbl Oeiaer counter ell t vu 84JUau.d to obtain reec!' "89 
ot l&ti.tactal.'7 1Dtena1.ty. With tb9 given tube allt, the 8bape of tbe 
8l"e& on the surr.ce at the espec1JDID lrndJ.ated by the X•rat beam 1118 a 
~ 0.1 inch an a etae. 
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A aJariV at tbl tedm1~ tar pole ttaure· ~on 
_.. ba11t an the W\llll)UOD tbat t.m te&tute 4eftlDpe4 in a Jl8tal 
turJ.raa ~en t• b:111 •'MKNll• It _. ahom in ~ ftn, 
tbst CODld.del'abla var1at10D 1n texture aiste ln aold c1r8lm ntm.1. 
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8'ml'• tature VV'S.at1on 1n atrude4 or .. ,ast 9tala fa:/ be ex-
pectlkl. .. ~Ucaa °' textur. 1n ar.m, extruae4 aDll 
.,...a •t.ala ba'ft 1-en report.e4 ill tba literature, ea tor -..ie, 
the etuiit:r ot Wol'•Uon te:nurea 1n eztl."\dld al•w! ma rod Npor't.e4 
by .lrtt.c- aDl lclrs. 1D tbe - 1953 :1. .. ot ti. .brn&l. at Appl1e4 
J'b:l'ai~. lW~~ tbe ~ ot texture ftl1.&t.10D in tbe 
mt.al.- 1Wtla&W we not ziecqpd.sed. It ea m that a word. ~ 
caution 1• ~ tar the uae at pole ts.gure metJm tor t.exture 
8tulU.ee s.n ll9t&la tn wld.cb the tature 1a s.~moua. 
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1'be author vu born 1n Labare, Pmljab, India, lllreh 15, 1925· 
Mter rece1 vtas tbe B.Sc. 4egree tran 1.'he PanJo.b Un1ftl'111 t7 in l~, 
be Joinecl tba Collage ~ Ml.ning aD4 Mrtall\rBY 1.u.u., vi.re ba re-
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~ear with tm I°'Su S.lt1Jlg anS. Blt1DiDg ~, ~1 
1n01a, m a.am to tbe Ontt.4 stat.• an1 Jo1m4 tbe •uourl ldtool 
ot .,.. and Mtta.Uura at. Bolla, •UCN11., 1D J'e'br\ar;J 19'J,. Ba 
reoe1ft4 a ...,_ ot llY'8r at adaoe trc:a tbl1 1mtltuUCID 1n 
*-T i951. ID hbr\m'J', 1951, m reoe1ft4 !be IntAtmattomi ackal 
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Mltallurgy. 
